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1 General Considerations

Unless otherwise stated, all reactions were carried out under an Ar atmosphere using magnetic stirring.
Substrate and complex syntheses are described below.

'H, "B, ¥C and *F NMR spectra were recorded on a Varian Unity 400 MHz spectrometer (*H 399.5
MHz, "B 128 MHz, *C 100.6 MHz, °F 376 MHz). 'H and **C chemical shifts are referenced
indirectly to tetramethylsilane via the residual solvent signals (*H: CHCI; at 7.26, **C: CDClI; at
77.0 ppm). "B (BF;-Et,0) and °F (CFCl5) chemical shifts were calibrated to an external standard at
0.00 ppm.

High resolution accurate Electron lonisation (EI) mass spectrometry was performed on a VG Autospec
mass spectrometer at 70eV. Electrospray lonisation (ESI) mass spectrometry was performed on a
Bruker Daltonics micrOTOF 11 mass spectrometer.

THF was freshly distilled from Na%benzophenone and stored over 4A molecular sieves under Argon.
MeCN was freshly distilled after being dried over K,CO; and 4A molecular sieves, and stored over 4A
molecular sieves under Argon. All other solvents used were pre-dried over 4A molecular sieves and
stored under Argon prior to use. All H,O used was deionized and degassed (Ar). Purification by
chromatography was performed using Kiesel gel 60 H silica gel (particle size 0.063-0.100 mm). Thin
layer chromatography (TLC) was carried out using aluminium-backed plates coated with Kieselgel 60
(0.20 mm, UV 254) and visualized under ultraviolet light (A = 254 nm).

X-ray diffraction data: All the measurements were performed using graphite-monochromatized Mo K -
radiation at 100K using a Bruker D8 APEX-II equipped with a CCD camera. The structure was solved
by direct methods (SHELXS-2014) and refined by full-matrix least-squares techniques against F?
(SHELXL-2014/7). The non-hydrogen atoms were refined with anisotropic displacement
parameters. The H atoms of the methyl groups were refined with common isotropic displacement
parameters for the H atoms of the same group and idealized geometry and C-H distances of 0.98 A.
Aromatic H atoms are place at idealized positions at a distance of 0.95 A.

2 Origin and Synthesis of Starting Materials

(Hetero)aryne precursors la-c and h, 4,4’-Di-tert-butyl-2,2’-dipyridyl, [ {Ir(u-OMe)COD},], Pd(dba).,
Pd(OACc),, [{RhCI(COD)},], Cu(OAc),, Cul, X-Phos, 1,10-phenanthroline, inorganic salts compounds
and, unless stated, all other organic reagents were obtained commercially and used without further
purification. Bis(pinacolato)diboron was dried under vacuum at 50 °C overnight before use. Aryne
precursors 1d, 1g™ and 1e®! and N-tert-butyl-a-phenylnitronet were prepared according to literature
procedures. Aryne precursor 1f was prepared using a modified literature procedure (see below).

Synthesis of 3-(trimethylsilyl)pyridin-2-yl-trifluoromethansulfonate (1f)

This compound was synthesised using a modified literature procedure.?

~SiMe;  To a solution of 2-hydroxypyridine (5 g, 53 mmol) in THF (130 mL, 0.4 M) under
@ argon, was added dropwise a 1M THF solution of LDA (117 mL, 117 mmol) at 0 °C
over 20 min. The solution was allowed to warm up to 20 °C, stirred for 1 h, then
cooled again to 0 °C. Chlorotrimethylsilane (7.4 mL, 58 mmol) was added dropwise over 10 min. The
solution was allowed to warm up to 20 °C and stirred for 2 h. The reaction was quenched with a
saturated NH,Cl,q) (80 mL) and extracted with Et,O (3 x 80 mL). The organic phase was washed
sequentially with sat. NH,Cl g (50 mL) and brine (50 mL), dried (Na,SO,), filtered and concentrated
under reduced pressure to give an orange solid. The solid was then dissolved in pyridine (53 mL, 1

OTf
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M), cooled to 0 °C and Tf,0 (9.8 mL, 58.3 mmol) was added dropwise over 10 min. The reaction
mixture was stirred overnight at 20 °C, concentrated under reduced pressure, diluted with Et,O (100
mL) and washed with H,O (2 x 30 mL). Aqueous phases were extracted again with Et,O (3 x 30 mL).
The combined organic phases were washed with brine (30 mL), dried (Na,SO,), filtered and
concentrated under reduced pressure. The crude material was purified by silica gel flash
chromatography (50:1 pentane/Et,0) to give the title compound as a colourless oil (12.25 g, 41 mmol,
77%). The identity of the compound was confirmed by comparison of *H, **C and *F NMR shifts to
literature values.

3 Borylation of Aryne Precursors

3.1 General Procedure for Borylation

To a 6 mL glass flask equipped with a Teflon tap and magnetic stirrer bar under argon were added
[{Ir(u-OMe)COD};] (2.5 mol%), 4,4’-di-tert-butyl-2,2’-dipyridyl (5 mol%) and B,(pin), (mmol, 0.2
equiv.) Anhydrous THF (concentration = 0.5 mmol/mL) was added and the solution stirred at room
temperature for 0.5 h (until the solution acquired a deep red colour). Under a flow of argon, additional
B(pin), (mmol, 1 equiv.) was added then precursor 1 (1 equiv.) was added with a pipette and the
pipette was washed with THF (final concentration 0.5 M). The reaction mixture was sealed under
argon and heated at 50 °C for 18 h, cooled to 20 °C, diluted with Et,O (30 mL) and concentrated under
reduced pressure. Pentane (50 mL) was added to the deep red oil and concentrated again under
reduced pressure. The crude material was purified by twice filtering through a thin pad of silica gel
(9:1 pentane/Et,0).

3.2 Data for Borylated Compounds.

5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trimethylsilyl)phenyl trifluoromethanesulfonate
(22%)

O-g OoTf O-g SiMe3
] ]
s °
3:1

Yield = 99% (based on 3 mmol scale of 1a), colorless solid. The regioisomers were identified by C-H
correlation NMR. See page S23.

Major isomer (2a’): 'H NMR (400 MHz, CDCly): 6 7.74 (d, J = 7.2 Hz, 1H), 7.69 (s, 1H), 7.53 (d, J
= 7.2 Hz, 1H), 1.34 (s, 12H), 0.37 (s, 9H); **C NMR (101 MHz, CDCls): § 154.9, 135.9, 135.7, 133.5,
125.0, 125.0, 123.2, 120.0, 118.5, 116.9, 113.7, 84.3, 24.8, -0.9; **F NMR (376 MHz, CDCl5): ¢ -73.9.
B NMR (128 MHz, CDCl,): 6 30.5.

Minor isomer (2a’°): 4-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trimethylsilyl)phenyl
trifluoromethanesulfonate: *H NMR (400 MHz, CDCly): 6 7.95 (s, 1H), 7.87 (dd, J = 8.5, 1.3 Hz, 1H),
7.33 (d, J = 8.5 Hz, 1H), 1.34 (s, 12H), 0.38 (s, 9H); *C NMR (101 MHz, CDCl,): § 157.4, 142.9,
137.9, 118.5 (q, Jer = 321.2 Hz), 116.9, 84.1, 24.8, -0.8; "*F NMR (376 MHz, CDCly): 6 -73.9; 'B
NMR (128 MHz, CDCl5): ¢ 30.5.

Both isomers: HRMS (ESI+): m/z calcd for CiH,4BF3sNaOsSSi 447.1050; found 447.1047.

The above general procedure can be scaled up to 6 mmol of precursor 1a (Yield = 85%).
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2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-(trimethylsilyl)phenyl
trifluoromethanesulfonate (2b)
Yield = 98% (based on 3.2 mmol scale of 1b), colorless solid. *H NMR (400
Me MHz, CDCly): 6 7.83 (s, 1H), 7.75 (s, 1H), 2.39 (s, 3H), 1.35 (s, 12H), 0.40
B~ t ‘

(s, 9H); *C NMR (101 MHz, CDCl,): 6 153.5, 141.1, 140.3, 133.8, 130.4,

o. SiMe, 118.6 (q, Jor = 319.8 Hz), 84.1, 24.8, 17.0 (g, Jcr = 1.5 Hz), 0.1; F NMR

a,(’) (376 MHz, CDCl,): ¢ -73.4; B NMR (128 MHz, CDCIl5): ¢ 30.6. HRMS
(ESI+): m/z calcd for Cy7H6BF:NaOsSSi 461.1211; found 461.1212.

2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-(trimethylsilyl)phenyl
trifluoromethanesulfonate (2c)

OMe Yield = 93% (based on 3.05 mmol scale of 1c), colorless solid. 'H
SiMe; NMR (400 MHz, CDCls): § 7.33 (s, 1H), 7.22 (s, 1H), 3.87 (s, 3H), 1.34 (s,
o. /©: 12H), 0.36 (s, 9H); *C NMR (101 MHz, CDCls): 6 165.0, 154.3, 124.2,
>§r§ OTf 1186 (d, Jor = 1.4 Hz), 118.6 (q, Jor = 320.7 Hz), 114.9, 84.3, 55.7, 24.8,
0.7; "F NMR (376 MHz, CDCl): ¢ -72.8; *'B NMR (128 MHz, CDCls): ¢
30.2. HRMS (ESI+): m/z calcd for Ci7H26BF3NaOgSSi 477.1162;

found 477.1160.

2-bromo-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yI)-6-(trimethylsilyl) phenyl
trifluoromethanesulfonate (2d)

Br Yield = 97% (based on 2 mmol scale of 1d), pale yellow solid. *H NMR (400

OTf  MHz, CDCly): & 8.08 (s, 1H), 7.88 (s, 1H), 1.34 (s, 12H), 0.41 (s, 9H); °C

o. _ NMR (101 MHz, CDCly): § 150.8, 142.1, 142.0, 136.9, 118.6 (q, Jcr = 320.9

>§r§ SiMes  112), 116.1, 84.5, 24.8, 0.1; °F NMR (376 MHz, CDCly): ¢ -71.6; "B NMR
(128 MHz,

CDCly): o 30.6. HRMS (ESI+): m/z calcd for
C16H23BBrFsNaOsSSi 525.0160; found 525.0174.

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,6-bis(trimethylsilyl) phenyl
trifluoromethanesulfonate (2e)

Yield = 92% (based on 1.7 mmol scale of 1e), colorless solid."H NMR (400

S"‘"e;ﬂ MHz, CDCly): 6 7.99 (s, 2H), 1.35 (s, 12H), 0.37 (s, 18H); **C NMR (101

MHz, CDCly): 6 157.5, 144.9, 142.0 (d, Jcr = 10.1 Hz), 133.7, 118.4 (q, Jcr =

0.5 siMe, 319.9 Hz), 84.1, 24.8, 0.4; °F NMR (376 MHz, CDCly): 6 -72.4; “'B NMR

>§r<’) (128 MHz, CDCly): § 30.4. HRMS (ESI+): m/z calcd for C;9H3,BF;NaOsSSi,
519.1451; found 519.1447.

5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(trimethylsily)pyridin-2-yl
trifluoromethanesulfonate (2f)

Yield = 69% (based on 6.1 mmol scale of 1f), colorless solid."H NMR (400

>\(L9 MHz, CDCls): 6 8.65 (d, J = 2.0 Hz, 1H), 8.23 (d, J = 2.0 Hz, 1H), 1.34 (s,

OfB\(iS‘Mes 12H), 0.37 (s, 9H); *C NMR (101 MHz, CDCly): & 162.8, 155.2, 153.2,

P 123.8, 118.5 (q, Jcr = 320.8 Hz), 84.5, 24.8, -1.5: F NMR (376 MHz,

CDCly): ¢ -72.8; "B NMR (128 MHz, CDCls): § 30.4. HRMS (ESI+): m/z
calcd for Cy5H,sBFsNNaOsSSi 448.1007; found 448.1004.

N~ "OTf
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2,4-difluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y)-6-(trimethylsilyl)phenyl
trifluoromethanesulfonate (29g)

MHz, CDCl,): 6 6.96 (dd, J = 8.0, 1.6 Hz, 1H), 1.37 (s, 12H), 0.39 (s, 9H);

F siMe, Yield = 96% (based on 1 mmol scale of 1g), colorless solid."H NMR (400
XX

B OTf  3C NMR (101 MHz, CDCls): 6 164.2 (dd, Jcr = 256.3, 10.2 Hz), 156.5 (dd,

>§r° F Jor = 259.8, 12.5 Hz), 141.70 (dd, Jce = 6.3, 2.4 Hz), 136.6 (dd, Jcr = 13.9,

3.8 Hz), 118.6 (g, Jcr = 320.9 Hz), 117.0 (dd, Jce = 24.4, 3.9 Hz), 84.6, 24.7,

-0.8; F NMR (376 MHz, CDCls): ¢ -72.0 (d, Jee = 21.7 Hz), -99.8 — -100.0 (m), -112.1 (qd, Jee =
21.7, 4.6 Hz); "'B NMR (128 MHz, CDCl5): § 29.1.

2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(trimethylsilyl)-1H-indol-5-yI
trifluoromethanesulfonate (2h)

SiMe; Using 2 equiv of B,Pin,. In a mixture with B,Pin, (about 2 : 1). Yield =

Tfo N 54% (based on 3.05 mmol scale of 1h), colorless solid. *H NMR (400
N B\O MHz, C¢De): 0 9.92 (br s, 1H), 8.09 (s, 1H), 7.74 (d, J = 2.1 Hz, 1H), 1.09

g M (s, 12H), 0.95 (s, 12H), 0.52 (s, 9H); *C NMR (101 MHz, CDCly): 6
Q"o 148.4, 140.6, 132.1, 129.0, 122.5, 118.7 (q, Jcr = 320.6 Hz), 115.3, 84.4,
% 84.3, 24.9, 24.8, 1.1; F NMR (376 MHz, C¢Ds): 6 -73.5; 'B NMR (128

MHz, CDCls): 6 30.5. HRMS (EI+): m/z calcd for Co4H3sB2NO7F3SSi
589.2120; found 589.2136.

Procedures for the Capture of Boryl Arynes

3.3 General Procedure

A 6 mL glass flask equipped with a Teflon tap and magnetic stirrer was charged with the appropriate
aryne precursor (2) (0.2 mmol, unless otherwise noted), trapping reagent (indicated in each case
below), CsF (as indicated below) and 18-crown-6 (53 mg, 0.2 mmol, 1 equiv.). The flask was
evacuated and backfilled with argon. MeCN (2 mL) was then added and the resulting suspension
stirred at the indicated temperature. The reaction was monitored by *F NMR. Upon complete
consumption of 2, the reaction mixture was diluted with Et,O (20 mL) and washed with brine (2 x
15mL), dried (Na,SO,), concentrated under reduced pressure and purified by silica gel flash
chromatography using the indicated eluent system.

3.4 Data for Aryne Capture Compounds

N-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (4a)

Aryne precursor: 2a, capture reagent: aniline (93 mg, 1 mmol, 5 equiv.), CsF (122 mg, 0.8 mmol, 4
equiv.), reaction temperature: 60 °C, reaction time: 7 h. Column chromatography eluent: pentane/Et,O
(8:1), Re=0.2. Yield = 83% (based on 2a), yellow oil.

o L, Q) fone

O.
%ré H ’
(o]
4:1

Major isomer: "H NMR (400 MHz, C¢D): 7.81 (ddd, J = 7.2, 1.1, 1.1 Hz, 1H), 7.78 (br d, J = 2.4 Hz,
1H), 7.09 — 6.99 (m, 3H), 6.89 — 6.83 (m, 3H, partially obscured by minor isomer), 6.78 (tt, J = 7.4,
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1.1 Hz, 1H), 5.11 (s, 1H), 1.13 (s, 12H); *C NMR (101 MHz, C¢Ds): 6 143.4, 142.6, 129.1, 128.7,
127.7,124.9, 120.5, 119.0, 117.5, 83.4, 24.6; 'B NMR (128 MHz, CsDs): 6 31.4.

Minor isomer: N-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylaniline. *H NMR (400 MHz,
CeDg): 0 8.15 (m, 2H), 7.21 — 7.13 (m, 4H, partially obscured by C¢Ds), 7.02 (ddd, J = 8.1, 2.5, 1.1 Hz,
2H), 6.85 — 6.81 (m, 1H, partially obscured by major isomer), 5.18 (s, 1H), 1.16 (s, 12H); *C NMR
(101 MHz, C¢De): 6 146.3, 142.0, 136.6, 129.1, 121.5, 120.9, 115.7, 83.1, 24.6; "'B NMR (128 MHz,
CeDg): 0 31.4.

Both isomers: HRMS (El+): m/z calcd for C1gH,,NO,B 295.1744; found 295.1750.

4-(3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine (4b)

OMe Aryne precursor: 2c, capture reagent: morpholine (52 mg, 0.6 mmol, 3
equiv.), CsF (122 mg, 0.8 mmol, 4 equiv.), reaction temperature: 60 °C,

0. \ /\ reaction tim_e: 6 h. Column chromatography eluent:_ pelntane/EtZO (25 : 1),
S o R¢ = 0.2. Yield = 67% (based on 2c), colorless solid. "H NMR (400 MHz,
CDCly): 6 7.01 (d, J = 2.1 Hz, 1H), 6.87 (d, J = 1.7 Hz, 1H), 6.56 (br s, 1H),

3.88 — 3.83 (M, 4H), 3.82 (s, 3H), 3.22 — 3.15 (m, 4H), 1.34 (s, 12H); *C
NMR (101 MHz, CDCly): 6 160.1, 125.5, 115.0, 109.7, 106.0, 83.8, 66.8, 55.3, 49.4, 24.8; 'B NMR
(128 MHz, CDCls): 6 30.7. HRMS (EI+): m/z calcd for C17H,sNO,B 319.1955; found 319.1951.

4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trimethylsilyl)phenyl)morpholine (4c)

Aryne precursor: 2e, capture reagent: morpholine (52 mg, 0.6 mmol, 3 equiv.), CsF (122 mg, 0.8
mmol, 4 equiv.), reaction temperature: 60 °C, reaction time: 5 h. Column chromatography eluent:
pentane/Et,O (6 : 1). Rf=0.2. Yield = 62% (based on 2e), colorless solid.

SiMe; _ SiMey™ O
5:2
N

>§ra g >§ra

Major regioisomer: R = 0.2. '"H NMR (400 MHz, CDCls): § 7.51 (s, 1H), 7.37 (d, J = 2.0 Hz, 1H),
7.19 (br s, 1H), 3.93 — 3.84 (m, 4H), 3.28 — 3.18 (m, 4H), 1.35 (s, 12H), 0.28 (s, 9H); *°C NMR (101
MHz, CDCls): 6 150.0, 140.5, 131.6, 123.9, 122.5, 83.7, 67.0, 49.7, 24.8, -1.0; 'B NMR (128 MHz,
CDCl3): 6 31.0. HRMS (ESI+): m/z calcd for C19H33BNO3Si 362.2321; found 362.2314.

Minor regioisomer: 4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
(trimethylsily)phenyl)morpholine. R = 0.4. *H NMR (400 MHz, CDCl3): 6 7.95 (d, J = 1.3 Hz, 1H),
7.86 (dd, J = 8.0, 1.3 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 3.89 — 3.80 (m, 4H), 2.93 — 2.83 (m, 4H), 1.33
(s, 12H), 0.32 (s, 9H); *C NMR (101 MHz, CDCly): 6 162.2, 142.2, 137.6, 137.1, 121.8, 83.7, 67.2,
54.1,24.8,0.1; B NMR (128 MHz, CDCls): ¢ 30.9. HRMS (El+): m/z calcd for C1oH5,BNO,Si
361.2245; found 361.2250.

4-(3,5-difluorophenyl)morpholine (4d)

F Aryne precursor: 2g (scale: 0.3 mmol), capture reagent: morpholine (78 mg, 0.9

mmol, 3 equiv.), CsF (228 mg, 1 mmol, 5 equiv.), reaction temperature: 60 °C,
reaction time: 5 h. Column chromatography eluent: pentane/Et,0O (8 : 1). R¢ = 0.2.
F N

Yield = 64% (based on 2g), colorless solid. *H NMR (400 MHz, CDCls): 6 6.40 —
K/O 6.32 (m, 2H), 6.29 (tt, J = 8.8, 2.2 Hz, 1H), 3.86 — 3.80 (m, 4H), 3.18 — 3.09 (m,
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4H); °C NMR (101 MHz, CDCls): 6 165.2 (d, Jor = 15.8 Hz), 162.8 (d, Jor = 15.9 Hz), 153.2 (t, Jcr =
12.2 Hz), 98.0 — 97.5 (m), 94.5 (t, Jcr = 26.1 Hz), 66.5 (), 48.3 (5); *°F NMR (376 MHz, CDCl5): 6 -
109.7 — -109.8 (m). HRMS (EI+): m/z calcd for C1oH::NOF, 199.0809; found 199.0804.

3-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl 2-iodobenzoate (4€)

Aryne precursor: 2b, capture reagent: 2-iodobenzoic acid (88 mg, 0.24 mmol, 1.2 equiv.), CsF (152
mg, 1 mmol, 5 equiv.), 18-crown-6 (158 mg, 0.6 mmol, 3 equiv.), reaction temperature: 60 °C,
reaction time: 24 h. Column chromatography eluent: pentane/Et,O (12 : 1), R; = 0.6. Yield = 61%

(based on 2b), colorless oil.
Me 9\ Me
Qo joge
I
O-g oo O-p '
>§r"’ >§r6
6:1

Major regioisomer: *H NMR (400 MHz, CsCq): J 7.98 — 7.94 (m, 1H), 7.84 — 7.81 (m, 1H), 7.70 (dd,
J=7.7,17Hz, 1H), 7.69 (dd, J = 7.9, 1.1 Hz, 1H), 7.13 - 7.11 (m, 1H), 6.82 (td, J = 7.7, 1.1 Hz, 1H),
6.51 (td, J =7.9, 1.7 Hz, 1H), 2.05 (d, J = 0.5 Hz, 3H), 1.12 (s, 12H); *C NMR (101 MHz, C¢C): ¢
164.5, 150.8, 141.2, 138.9, 133.4, 132.3, 131.2, 129.7, 127.4, 125.4, 124.9, 94.4, 83.5, 24.5, 20.6; *'B
NMR (128 MHz, C¢Cs): 0 30.7.

Minor regioisomer: 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl 2-iodobenzoate
'H NMR (400 MHz, C¢Cq): 6 8.03 — 8.01 (m, 1H), 7.77 (dd, J = 7.8, 1.7 Hz, 1H), 7.72 — 7.70 (m, 1H,
partially obscured by major isomer), 7.14 (s, 1H), 6.83 (td, J = 7.6, 1.2 Hz, 1H), 6.54 — 6.49 (m, 1H,
partially obscured by major isomer), 2.12 (s, 3H), 1.16 (s, 12H); **C NMR (101 MHz, CsC): 6 163.7,
152.3, 141.5, 138.3, 134.5, 134.0, 132.5, 131.1, 129.7, 127.5, 121.6, 94.6, 83.4, 24.6, 15.9; *'B NMR
(128 MHz, C¢Cq): 0 30.7.

Both isomers: HRMS (ESI+): m/z calcd for CyH,,BINaO, 487.0552; found 487.0561.

3-(3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy)benzonitrile (4f)

om Aryne precursor: 2C, capture reagent: 3-cyanophenol (36 mg, 0.3
e

mmol, 1.5 equiv.), CsF (152 mg, 1 mmol, 5 equiv.), reaction

/@\ /@\ temperature: 60 °C, reaction time: 7 h. Column chromatography
B o cN eluent: pentane/Et,O (8 : 1), Ry=0.2. Yield = 63% (based on 2c),
&6 colorless oil. '"H NMR (400 MHz, CDCl5): § 7.40 (t, J = 7.8 Hz, 1H),
7.33(d, J=7.8 Hz, 1H), 7.24 — 7.15 (m, 3H), 7.05 (s, 1H), 6.71 — 6.66

(m, 1H), 3.83 (s, 3H), 1.34 (s, 12H); **C NMR (101 MHz, CDCl,): 6 160.7, 158.3, 156.0, 130.9, 126.2,

122.7, 120.9, 118.0, 115.4, 113.4, 109.8, 84.1, 55.6, 24.8; 'B NMR (128 MHz, CDCls): § 30.9.
HRMS (ESI+): m/z calcd for C,0H,BNNaO, 374.1538; found 374.1531.

O.

3-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trimethylsilyl)phenoxy)benzonitrile _and 4-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trimethylsilyl)phenoxy)benzonitrile (49)

Aryne precursor: 2e, capture reagent: 3-cyanophenol (71 mg, 0.6 mmol, 3 equiv.), CsF (152 mg, 1
mmol, 5 equiv.), reaction temperature: 40 °C, reaction time: 20 h. Column chromatography eluent:
pentane/Et,0 (30 : 1), R¢=0.2. Yield = 62% (based on 2e), colorless oil.
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SiMe, SiMe,

LD L0,

'H NMR (400 MHz, C¢Ds): 6 8.44 (d, J = 1.4 Hz, 1H), 8.25 (s, 1H), 8.05 (dd, J = 8.2, 1.6 Hz, 1H),
7.83 — 7.76 (m, 1H), 7.44 — 7.39 (m, 1H), 6.97 (s, 1H), 6.89 (s, 1H), 6.78 — 6.70 (m, 2H), 6.66 (d, J =
7.8 Hz, 2H), 6.57 (t, J = 8.0 Hz, 1H), 6.54 — 6.45 (m, 2H), 1.16 (s, 12H), 1.09 (s, 12H), 0.23 (s, 9H),
0.13 (s, 9H); ®°C NMR (101 MHz, C¢De): 6 163.5, 158.0, 157.4, 155.2, 143.8, 143.1, 142.9, 138.3,
136.1, 130.2, 130.1, 130.1, 126.2, 126.0, 125.9, 122.4, 121.6, 121.3, 121.0, 117.8, 117.8, 117.0, 114.0,
113.9, 83.7, 83.5, 24.6, 24.5, -1.2, -1.7;: "B NMR (128 MHz, C¢Ds): 6 30.9. HRMS (ESI+): m/z calcd
for C,,H,sBNNaO;Si 416.1828; found 416.1832.

3-bromo-2-(pyridin-3-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (4h)

Aryne precursor: 2d, capture reagent: pyridine N-oxide (29 mg, 0.3 mmol,

Br N | 1.5 equiv.), CsF (152 mg, 1 mmol, 5 equiv.), reaction temperature: 60 °C,

N reaction time: 24 h. Column chromatography eluent: DCM/MeOH (100 : 2),

o. R = 0.2. Yield = 41% (based on 2d), yellow solid. ‘H NMR (400 MHz,
&g OH CeD¢): 0 8.47 (s, 1H), 8.12 (s, 1H), 8.04 (d, J = 3.2 Hz, 1H), 7.77 (s, 1H),
7.34 (d, J = 7.8 Hz, 1H), 6.60 (dd, J = 6.9, 5.5 Hz, 1H), 1.09 (s, 12H); **C

NMR (101 MHz, C¢D¢): 6 155.9, 149.9, 146.9, 138.8, 133.8, 130.3, 128.9,
124.2, 123.0, 121.7, 83.8, 24.5; "B NMR (128 MHz, C¢Dg): 6 29.9. HRMS (ESI+): m/z calcd for
C17H,0BBrNO; 376.0717; found 376.0726. For crystallographic data, see page S17.

2-(3-methoxy-5-(naphthalen-2-ylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4i)

OMe Aryne precursor: 2c, capture reagent: 2-Naphtalenethiol (48 mg, 0.3

mmol, 1.5 equiv.), CsF (152 mg, 1 mmol, 5 equiv.), reaction

o. temperature: 60 °C, reaction time: 7 h. Column chromatography
a/'o? S eluent: pentane/Et,O (19 : 1), Ry = 0.35. Yield = 74% (based on 2c),
colorless solid. *H NMR (400 MHz, CDCls): J 7.86 — 7.71 (m, 4H),

7.56 (s, 1H), 7.50 — 7.43 (m, 2H), 7.41 (d, J = 8.6 Hz, 1H), 7.26 (d, J

= 1.7 Hz, 1H), 7.00 (s, 1H), 3.77 (s, 3H), 1.35 (s, 12H); *C NMR (101 MHz, CDCls): 6 159.7, 136.3,
133.8, 133.3, 132.2, 130.1, 129.4, 128.8, 128.5, 127.7, 127.4, 126.5, 126.1, 120.3, 118.1, 84.1, 55.4,

24.9; 'B NMR (128 MHz, CDCl,): § 31.0. HRMS (ESI+): m/z calcd for C,3H,sBNaOsS 415.1514;
found 415.1508.

2-(8-methoxy-1,4-dihydro-1,4-epoxynaphthalen-6-yl)-4.4,5,5-tetramethyl-1,3,2-dioxaborolane (4j)

OMe Aryne precursor: 2c, capture reagent: Furan (68 mg, 1 mmol, 5 equiv.), CsF (91

mg, 0.6 mmol, 3 equiv.), reaction temperature: 40 °C, reaction time: 17h h.

O.g O"l Column chromatography eluent: pentane/Et,O (6 : 1), R = 0.2. Yield = 83%
>§r6 (based on 2c), colorless oil. '"H NMR (400 MHz, CDCl,): 6 7.36 (s, 1H), 7.07
(s, 1H), 7.07 — 6.99 (m, 2H), 5.94 (s, 1H), 5.69 (s, 1H), 3.87 (s, 3H), 1.33 (s,

12H); BC NMR (101 MHz, CDCl,) 6 152.5, 150.9, 143.1, 142.5, 138.7, 119.2, 116.8, 83.7, 82.4, 79.9,
55.62, 24.8, 24.7: 'B NMR (128 MHz, CDCly): ¢ 30.5. HRMS (ESI+): m/z calcd for Cy;H,:BNaO,
323.1428; found 323.1431.
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1-(3-bromophenyl)-4-methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
benzo[d][1,2,3]triazole (4k)

Aryne precursor: 2b, capture reagent: 1-azido-3-bromobenzene (0.5 M in
Me

tert-butyl methyl ether) (0.6 mL, 59 mg, 0.3 mmol, 1.5 equiv.), CsF (152
/C[N\N mg, 1 mmol, 5 equiv.), reaction temperature: 60 °C, reaction time: 6 h.
N

O-g Column chromatography eluent: pentane/Et,O (8 : 1), Ry = 0.3. Yield =
&6 Q 44% (based on 2b), colorless solid. *H NMR (400 MHz, cedg): & 8.15
Br (s, 1H), 7.90 (s, 1H), 7.81 (dd, J = 1.7, 1.7 Hz, 1H), 7.18 (d, J = 8.1 Hz,

1H), 7.06 (d, J = 8.1 Hz, 1H), 6.52 (t, J = 8.1 Hz, 1H), 2.79 (s, 3H), 1.16 (s, 12H); *C NMR (101
MHz, CDCls): ¢ 148.0, 138.2, 131.9, 131.6, 131.0, 130.4, 129.9, 126.3, 123.3, 121.6, 114.2, 84.3,

24.9, 16.6; B NMR (128 MHz, CDCly): § 30.9. HRMS (El+): m/z calcd for CigH,BN;O,Br
413.0910; found 413.0915.

NOESY NMR analysis (see page S85) indicates only one correlation of the methyl group to an ArH
signal, plus a correlation between the two rings, as indicated below:

5 2.79 ppm
(\Me

57.90 ppm H N

PinB

,N
N
58.15 ppm H
(JH Br

8 7.18 ppm

2-(tert-butyl)-3-phenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydrobenzo[d]isoxazole
(41)

Aryne precursor: 2a, capture reagent: benzylidene-tert-butylamine N-oxide (53 mg, 0.3 mmol, 1.5
equiv.), CsF (122 mg, 0.8 mmol, 4 equiv.), reaction temperature: 60 °C, reaction time: 22 h. Column
chromatography eluent: pentane/Et,O (40 : 1), Ry = 0.3. Yield = 70% (based on 2a), colorless
solid. The regioisomers were identified by C-H correlation NMR. See page S89.

Major regioisomer: *H NMR (400 MHz, C¢De): 7.64 (s, 1H), 7.59 (dd, J = 7.4, 0.8 Hz, 1H), 7.35 —
7.28 (m, 2H, partially obscured by minor regioisomer), 7.08 — 7.02 (m, 2H), 7.02 — 6.95 (m, 1H,
partially obscured by minor regioisomer), 6.76 (dd, J = 7.4, 0.6 Hz, 1H), 5.36 (s, 1H), 1.02 (s, 9H,
partially obscured by minor regioisomer), 1.01 (s, 12H, partially obscured by minor regioisomer); **C
NMR (101 MHz, C¢D¢): 0 156.3, 144.2, 133.5, 128.4, 127.7, 127.1, 127.2, 123.2, 112.6, 83.4, 67.0,
60.5, 25.1, 25.1, 24.4; "'B NMR (128 MHz, CDCls): § 30.8.

Minor  regioisomer:  2-(tert-butyl)-3-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-2,3-
dihydrobenzo[d]isoxazole

'H NMR (400 MHz, C¢Dg): 6 7.89 (dd, J = 8.7, 1.0 Hz, 1H), 7.74 (s, 1H), 7.35 — 7.28 (m, 2H, partially
obscured by major regioisomer), 7.02 — 6.95 (m, 2H, partially obscured by major regioisomer), 6.95 —
6.89 (m, 1H), 6.70 (d, J = 8.0 Hz, 1H), 5.40 (s, 1H), 1.02 (s, 9H, partially obscured by major
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regioisomer), 1.01 (s, 12H, partially obscured by major regioisomer); *C NMR (101 MHz, C¢Dy): &
159.0, 144.2, 136.4, 130.7, 130.2, 128.4, 127.3, 127.1, 106.3, 83.1, 66.7, 60.6, 24.6, 24.5, 24.5; "'B
NMR (128 MHz, CDCl,): 6 30.8.

Both isomers: HRMS (El+): m/z calcd for Cy3sH3BNO3 379.2319; found 379.2314.

4-bromo-2-(tert-butyl)-3-phenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-
dihydrobenzo[d]isoxazole (4m)

Aryne precursor: 2d, capture reagent: Benzylidene-tert-butylamine-N-

oxide (53 mg, 0.3 mmol, 1.5 equiv.), CsF (122 mg, 0.8 mmol, 4 equiv.),

0.5 d”‘é reaction temperature: 60 °C, reaction time: 30h. Column chromatography
eluent: pentane/Et,0 (40 : 1), Ry = 0.2. Yield = 45% (based on 2d), yellow

solid. *H NMR (400 MHz, CDCls): d 7.46 (s, 1H), 7.33 — 7.20 (m, 6H),

5.53 (s, 1H), 1.34 (s, 12H), 1.17 (s, 9H); *C NMR (101 MHz, CDCly): ¢

158.2, 141.3, 132.4, 130.6, 128.5, 128.1, 127.6, 117.7, 111.4, 84.2, 67.8, 61.7, 25.3, 24.9, 24.8; "'B

NMR (128 MHz, CDCls): ¢ 30.1. HRMS (ESI+): m/z calcd for CyH3BBrNO; 458.1501; found
458.1493. For crystallographic data, see page S17.

1,4-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2,3,4-tetrahydro-5H-pyrido[2,3-
e][1.4]diazepin-5-one (4n)

Aryne precursor: 2f, capture reagent: pyridine N-oxide (114 mg, 1 mmol, 5

Q\ equiv.), CsF (122 mg, 0.8 mmol, 4 equiv.), reaction temperature: 20 °C,

\(K/f‘\ reaction time: 5 days. Column chromatography eluent: DCM/MeOH (19 : 1),

) R¢=0.3. Yield = 39% (based on 2f), colorless solid. The regioisomer was

identified by C-H correlation NMR. See page S96. 'H NMR (400 MHz,

CDCly): 6 8.58 (d, J=1.6 Hz, 1H), 8.38 (d, J = 1.6 Hz, 1H), 3.64 — 3.57 (m, 2H), 3.55 — 3.48 (m, 2H),

3.15 (s, 3H), 3.10 (s, 3H), 1.29 (s, 12H); **C NMR (101 MHz, CDCl5): 6 169.1, 157.0, 156.6, 147.3,

117.5, 83.6, 55.8, 47.7, 38.8, 35.5, 24.8; "'B NMR (128 MHz, CDCl,): 6 30.7. HRMS (El+): m/z calcd
for C16H24N303B 317.1911; found 317.1919.

4 Suzuki-Miyaura Reactions

A 6 mL glass flask equipped with a Teflon cap and magnetic stirrer was charged with the appropriate
boronate (0.2 mmol, 1 equiv.), aryl bromide (0.24 mmol, 1.2 equiv.), Pd(OAc), (2 mg, 0.004 mmol,
2 mol%), X-Phos (3.8 mg, 0.008 mmol, 4 mol%) and KsPO, (85 mg, 0.4 mmol, 2 equiv.). The flask
was evacuated and backfilled with argon. Toluene (1 mL) and H,O (0.1 ml) were added and the
resulting suspension was stirred for 18 h at 80 °C. The reaction mixture was diluted with Et,O (20 mL)
and washed with brine (15 ml), dried (Na,SO,), concentrated under reduced pressure and purified by
silica gel flash chromatography using the indicated eluent system.

4'-acetyl-3-methyl-5-(trimethylsilyl)-[1,1'-biphenyl]-4-yl trifluoromethanesulfonate (5a)

Me Boronate: 2b, coupling partner: 4-bromoacetophenone (48 mg, 0.24

OTf  mmol). Column chromatography eluent: pentane/Et,O (18 : 1), R; = 0.2.

O ) Yield = 86% (based on 2b), yellow solid. "H NMR (400 MHz, CDCls): §

o O SiMes 805 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 8.3 Hz, 2H), 7.58 (d, J = 2.3 Hz,
1H), 7.51 (d, J = 2.3 Hz, 1H), 2.65 (s, 3H), 2.46 (s, 3H), 0.43 (s, 9H); **C

Me NMR (101 MHz, CDCly): 6 197.5, 151.0, 144.3, 139.6, 136.3, 135.6,
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133.3, 132.5, 131.9, 128.9, 127.4, 118.6 (q, Jcr = 319.9 Hz), 26.7, 17.5 (m), 0.1; *°F NMR (376 MHz,
CDCly): 6 -73.3. HRMS (EI+): m/z calcd for Cy9H,;0,4F5SSi 430.0882; found 430.0879.

5-(anthracen-9-yl)-3-methoxy-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (5b)

Boronate: 2c, coupling partner: 9-bromoanthracene (62 mg, 0.24 mmol).

oM siMe, Column chromatography eluent: pentane/Et,0 (18 : 1), Ry = 0.2. Yield =

O O 97% (based on 2c), yellow solid. ‘"H NMR (400 MHz, CDCl5): § 8.52 (s,
O OTf  1H), 8.05 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.6 Hz, 2H), 7.53 — 7.44 (m, 2H),
7.44 —7.36 (m, 2H), 7.03 (s, 1H), 6.89 (d, J = 0.7 Hz, 1H), 3.78 (s, 3H), 0.48

O (s, 9H); °C NMR (101 MHz, CDCl,): 6 165.4, 154.6, 143.0, 134.6, 131.2,

129.8, 128.4, 127.3, 126.1, 125.9, 125.3, 120.1, 118.6 (g, Jer = 320.9 Hz),
115.9 (m), 112.6, 55.7, 0.9; “F NMR (376 MHz, CDCly): 6 -72.6. HRMS (EI+): m/z calcd for
CasH2304F3SSi 504.1038; found 504.1024.

4-(thiophen-2-yl)-2,6-bis(trimethylsilyl)pheny! trifluoromethanesulfonate (5c)

SiMe, Boronate: 2e, coupling partner: 2-bromothiophene (39 mg, 0.24 mmol). Column
OTf  chromatography eluent: pentane, R; = 0.3. Yield = 80% (based on 2e),
colorless solid. *H NMR (400 MHz, CDCls): 6 7.75 (s, 2H), 7.34 (d, J = 5.1
Hz, 1H), 7.31 (d, J = 3.6 Hz, 1H), 7.11 (dd, J = 5.1, 3.6 Hz, 1H), 0.41 (s, 18H);
3C NMR (101 MHz, CDCl): ¢ 154.1, 142.7, 135.6, 135.6, 133.4, 128.2, 125.7,
124.1, 118.4 (q, Jce = 320.1 Hz), 0.3; **F NMR (376 MHz, CDCl,): ¢ -72.3. HRMS (EI+): m/z calcd
for Cy17H,305F3Si,S, 452.0579; found 452.0571.

SiMe;
\

X

Methyl 4'-(((trifluoromethylsulfonyl)oxy)-3',5"-bis(trimethylsilyl)-[1,1'-biphenyl]-4-carboxylate (5d)

Boronate 2e, coupling partner: Methyl-4-bromobenzoate (52 mg, 0.24
SiMe; mmol). Column chromatography eluent: pentane/Et,0 (75 : 1), R =
OTF 0.2, Yield = 84% (based on 2e), colorless solid. '"H NMR (400
MHz, CDCl5): ¢ 8.14 (d, J = 8.2 Hz, 2H), 7.75 (s, 2H), 7.61 (d, J = 8.3
Hz, 2H), 3.96 (s, 3H), 0.42 (s, 18H); *C NMR (101 MHz, CDCl,): 6
166.8, 154.9, 144.4, 139.0, 137.0, 135.7, 130.2, 129.4, 127.3, 118.4 (q,
Jor = 320.1 Hz), 52.2, 0.3; F NMR (376 MHz, CDCls): § -72.3. HRMS (EI+): m/z calcd for
C,1H»7,05F3Si,S 504.1070; found 504.1059.

SiMe,

3

MeOZC

5-(thiophen-2-yI)-3-(trimethylsilyl)pyridin-2-yl trifluoromethanesulfonate (5¢)

Boronate 2f, coupling partner: 2-bromothiophene (39 mg, 0.24 mmol). Column

/s \ - SiMes chromatography eluent: pentane/Et,O (100 : 1), R;=0.3. Yield = 60% (based on

| _ 2f), colorless oil. '"H NMR (400 MHz, CDCls): 6 8.53 (d, J = 2.6 Hz, 1H), 8.02

N™ "OTf (d, J = 2.6 Hz, 1H), 7.40 (dd, J = 5.1, 1.0 Hz, 1H), 7.33 (dd, J = 3.6, 1.0 Hz,

1H), 7.14 (dd, J = 5.1, 3.7 Hz, 1H), 0.41 (s, 9H); *C NMR (101 MHz, CDCls): § 159.7, 145.5, 143.9,

138.7, 130.3, 128.4, 126.7, 125.4, 124.9, 118.4 (q, Jcr = 320.5 Hz), -1.6; **F NMR (376 MHz, CDCl5):
0 -72.7. HRMS (EI+): m/z calcd for C13H14,NO3F5SiS, 381.0137; found 381.0140.
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5 Deprotection of B(pin) Boronates

5.1 General Procedure

Based on a modified literature procedure.”® Diethanolamine (115 pL, 1.2 mmol, 1.2 equiv.) was added
at room temperature to a stirring solution of boronate 2 (1 mmol) in Et,O (10 mL) in a round-bottomed
flask under air. The mixture was stirred vigorously for 18 h and the resulting colorless precipitate
collected by filtration, washed with Et,0 (2 x 5 mL) and dried with filter paper. The residue was
resuspended in Et,O (20 mL) under air, treated with 0.5 M HCl . (8 mL, 4 mmol, 4 equiv.) and stirred
vigorously for 1 to 3 h (or until the reaction mixture became homogeneous). The solution was then
diluted with Et,O (20 mL) and washed with brine (2 x 20 mL). The aqueous layer was extracted once
more with Et,0 (30 mL). The combined organic layers were dried (Na,SO,), filtered and concentrated
under reduced pressure to afford the products as a colourless solid.

5.2 Data for Deprotected Boronates

(4-(((trifluoromethylsulfonyl)oxy)-3-(trimethylsilyl)phenyl)boronic acid (6a)

10 to 1 mixture of boronic acid and boroxine. Yield = 59% (based on 2a),
OH colorless solid. The regioisomer was identified by Si-H correlation NMR. See
HO B OTf  page S116. Boronic acid: 'H NMR (400 MHz, CDCls): ¢ 8.11 (d, J = 7.2 Hz,
1H), 8.09 (s, 1H), 7.72 (d, J = 7.2 Hz, 1H), 0.44 (s, 9H); *C NMR (101 MHz,
CDCl5): 6 155.3, 138.6, 136.3, 134.1, 125.6, 118.5 (q, Jor = 319.9 Hz), -0.9; “°F
NMR (376 MHz, CDCl): 6 -74.1; 'B NMR (128 MHz, CDCls): 6 28.5. HRMS (CI+): m/z calcd for
C10H15sBOsF;SSi 343.0455; found 343.0461. Boroxine: *H NMR (400 MHz, CDCls): 6 8.40 (s, 1H),
8.26 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 0.46 (s, 9H); *°F NMR (376 MHz, CDCls): 6 -74.1;
B NMR (128 MHz, CDCl,): § 28.5.

SiMe;

(3-methyl-4-(((trifluoromethyl)sulfonyl)oxy)-5-(trimethylsilyl)phenyl)boronic acid (6b)

7 to 2 mixture of boronic acid and boroxine. Yield = 88% (based on 2b),

Me colorless solid. Boronic acid: *"H NMR (400 MHz, CDCls): 6 8.26 (s, 1H), 8.08

/C[Oﬁ (s, 1H), 2.51 (s, 3H), 0.47 (s, 9H); *°C NMR (101 MHz, CDCly): ¢ 154.7, 142.3,

HO. sime, 141.0,134.5, 1310, 118.6 (q, Jer = 319.7 Hz), 17.4, 0.1; F NMR (376 MHz,

OH CDCly): 6 -73.2; B NMR (128 MHz, CDCl3): 6 29.0. HRMS (CI+): m/z calcd

for Cy;H,,BO:F,SSi 357.0611; found 357.0612. Boroxine: *H NMR (400 MHz,

CDCly): 6 7.75 (s, 1H), 7.66 (s, 1H), 2.4 (s, 3H), 0.40 (s, 9H); *C NMR (101 MHz, CDCls): § 153.4,

140.0, 139.2, 134.2, 130.7, 118.6 (q, Jcr = 319.7 Hz), 30.9, 0.1; **F NMR (376 MHz, CDCl,): 6 -73.3;
"B NMR (128 MHz, CDCls): § 29.0.

(3-methoxy-5-(((trifluoromethyl)sulfonyl)oxy)-4-(trimethylsilyl)phenyl)boronic acid (6c)

5 to 1 mixture of boronic acid and boroxine. Yield = 84% (based on 2c) ,

OMe colorless solid. Boronic acid: *"H NMR (400 MHz, CDCls): 6 7.73 (s, 1H), 7.56

SiMe; (s, 1H), 3.95 (s, 3H), 0.42 (s, 9H); *C NMR (101 MHz, CDCl5): ¢ 165.4, 154.8,

HO. ore 1268 1191, 1187 (4, Jor = 320.7 Hz), 115.0, 55.4, 0.6; F NMR (376 MHz,

OH CDCly): 6 -73.0; B NMR (128 MHz, CDCl,): 6 28.6. HRMS (CI+): m/z calcd

for CyH1,BOgF3SSi 373.0560; found 373.0563. Boroxine: "H NMR (400 MHz,

CDCly): § 7.24 (s, 1H), 7.19 (s, 1H), 3.87 (s, 3H), 0.37 (s, 9H); °F NMR (376 MHz, CDCls): 6 -72.8;
B NMR (128 MHz, CDCl;): § 28.6.
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(3-bromo-4-(((trifluoromethyl)sulfonyl)oxy)-5-(trimethylsilyl)phenyl)boronic acid (6d)

13 to 1 mixture of boronic acid and boroxine. Yield = 80% (based on 2d),

Br colorless solid. Boronic acid: *H NMR (400 MHz, CDCl,): § 8.42 (d, J = 1.6

OTf  Hz, 1H), 8.32 (d, J = 1.6 Hz, 1H), 0.50 (s, 9H); °C NMR (101 MHz, CDCls): §

HO. SiMe, 152.3, 143.2, 142.7, 137.8, 118.6 (q, Jor = 321.0 Hz), 116.9, 0.0; °F NMR (376

OH MHz, CDCl): 6 -71.4; B NMR (128 MHz, CDCl,): ¢ 28.3. HRMS (CI+): m/z

calcd for CyoH;4,BOsF,SSiBr 420.9560; found 420.9555. Boroxine: *H NMR

(400 MHz, CDCls): ¢ 8.04 (s, 1H), 7.86 (s, 1H), 0.42 (s, 9H); °F NMR (376 MHz, CDCls,): § -71.6;
"B NMR (128 MHz, CDCls): § 28.3.

(4-(((trifluoromethysulfonyloxy)-3,5-bis(trimethylsilyl)phenyl)boronic acid (6e)

6 to 1 mixture of boronic acid and boroxine. Yield = 53% (based on 2e),

SiMe; colorless solid. Boronic acid: "H NMR (400 MHz, CDCl,): 6 8.44 (s, 2H), 0.46

OTf (s, 18H); *C NMR (101 MHz, CDCl,): § 158.6, 145.8, 134.6, 118.4 (q, Jcr =

HO. Sile, 320.2 Hz), 0.3; F NMR (376 MHz, CDCls): 6 -72.3; "B NMR (128 MHz,
OH CDCl,): 6 28.2. HRMS (CI+): m/z calcd for C;3H»3BOsF3SSi, 415.0850; found

415.0844. Boroxine: "H NMR (400 MHz, CDCI,): ¢ 8.42 (s, 2H), 0.46 (s, 18H,
partially obscured by boronic acid); *°F NMR (376 MHz, CDCl,): § -72.3; "B NMR (128 MHz,
CDCl,): 6 28.2.

(6-(((trifluoromethylsulfonyl)oxy)-5-(trimethylsilyl)pyridin-3-yl)boronic acid (6f)

10 to 1 mixture of boronic acid and boroxine. Yield = 85% (based on 2f),

OH colorless solid. Boronic acid: *"H NMR (400 MHz, CDCls): 6 9.02 (s, 1H), 8.61

Ho BNy SiMes (s, 1H), 0.44 (s, 9H); °C NMR (101 MHz, CDCly): § 163.9, 156.2, 154.1,

U 124.7, 118.4 (q, Jcr = 320.5 Hz), -1.7; F NMR (376 MHz, CDCl): § -73.0;

B NMR (128 MHz, CDCl5): ¢ 28.7. HRMS: Product degrades. Boroxine: *H

NMR (400 MHz, CDCls): ¢ 8.60 (s, 1H, partially obscured by boronic acid), 8.26 (d, Jcr = 1 Hz, 1H),
0.43 (s, 9H); °F NMR (376 MHz, CDCls): ¢ -73.0; !B NMR (128 MHz, CDCl5): 6 28.7.

N~ "OTf

6 Derivatization of Boronic Acids

6.1 Tsuji-Trost Coupling

Methyl-4-(3-methoxy-5-(((trifluoromethyl)sulfonyl)oxy)-4-(trimethylsilyl)phenyl)but-2-enoate (7a)

A 6 mL glass flask equipped with a Teflon cap and magnetic stirrer

OMe was charged with boronic acid 6¢ (74 mg, 0.2 mmol, 1.2 equiv.),
SiMe;  pg(OAcC), (1 mg, 0.005 mmol, 2.5 mol%) and KF (46 mg, 0.8 mmol, 4
MeO,C._~ oTf equiv.). The flask was evacuated and backfilled with argon. 1,4-

dioxane (1 mL) was added then methyl-4-bromocrotonate (43 mg, 0.24
mmol, 1.2 equiv.). The resulting suspension was stirred for 18 h at 20 °C. The reaction mixture was
diluted with Et,O (20 mL) and washed with brine (2 x 15 mL), dried (Na,SO,), concentrated under
reduced pressure and purified by silica gel flash chromatography; eluent system: pentane/Et,O (8 : 1).
R; = 0.2. Yield = 65% (based on 6c), colorless oil. '"H NMR (400 MHz, CDCl,): 6 7.04 (dt, J = 15.6,
6.7 Hz, 1H), 6.75 (s, 1H), 6.62 (s, 1H), 5.84 (dt, J = 15.6, 1.4 Hz, 1H), 3.81 (s, 3H), 3.73 (s, 3H), 3.52
(dd, J = 6.7, 1.4 Hz, 2H), 0.35 (s, 9H); *C NMR (101 MHz, CDCl,): 6 166.5, 165.7, 154.7, 145.7,
142.1,122.7,119.1, 118.6 (q, Jor = 320.8 Hz), 113.2 (q, Jcr = 1.4 Hz), 110.0, 55.6, 51.6, 38.2, 0.7; *°F
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NMR (376 MHz, CDCl,): ¢ -72.8. HRMS (El+): m/z calcd for CisH,1O6F3sSiS 426.0780; found
426.0794.

6.2 Trifluoroboronate Potassium Salt

3-methoxy-5-(trifluoroboranyl)-2-(trimethylsilyl)phenyl trifluoromethanesulfonate potassium salt (7b)

Synthesis based on a literature procedure.’ Boronic acid 6c (186 mg, 0.5

OMe mmol). Yield = 99% (based on 6¢c), colorless solid. '"H NMR (400 MHz,

/C[s""'es CD4CN): § 7.07 (s, 1H), 6.95 (s, 1H), 3.83 (s, 3H), 0.33 (s, 10H); *C NMR (101

KF,B MHz, CD;CN): 6 165.8, 155.4, 119.6 (g, Jcr = 319.8 Hz), 117.1, 116.0 — 115.9

(m), 113.8 (q, Jer = 1.6 Hz), 77.4, 56.1, 1.1; °F NMR (376 MHz, CD;,CN): 6 -

73.8, -143.5 (m); "B NMR (128 MHz, CD:CN): 8 2.64 (g, J = 39.7 Hz). HRMS (ESI+): m/z calcd for
Cy1H14BFs0,SSi 395.0387; found 395.0377.

OTf

6.3 Rh-Catalyzed Conjugate Addition

A 6 mL glass flask equipped with a Teflon cap and magnetic stirrer was charged with the appropriate
boronic acid (0.2 mmol, 1.2 equiv.), chalcone (42 mg, 0.2 mmol, 1 equiv.), [{RhCI(COD)},] (3 mg,
0.006 mmol, 3 mol%) and NaHCO; (3.4 mg, 0.04 mmol, 0.2 equiv.). The flask was evacuated and
backfilled with argon. 1,4-dioxane (2 mL) and H,O (0.4 ml) were added and the resulting suspension
was stirred for 24 h at 50 °C. The crude mixture was purified by silica gel flash chromatography using
the indicated eluent system.

4-(3-0x0-1,3-diphenylpropyl)-2,6-bis(trimethylsilyl)pheny! trifluoromethanesulfonate (7¢)

SiMe, Boronic acid 6e (99 mg). Column chromatography eluent: pentane/Et,O
oTf  (50:1), Ry = 0.2. Yield = 86% (based on 6e), yellow oil. *H NMR (400
o MHz, CDCl5): 'H NMR (400 MHz, CDCls): § 7.98 — 7.89 (m, 2H), 7.63 —

SiMes 753 (m, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.39 (s, 2H), 7.35 — 7.29 (m, 2H),

7.28 — 7.19 (m, 3H), 4.87 (t, J = 7.3 Hz, 1H), 3.73 (dd, J = 16.9, 7.3 Hz,
1H), 3.69 (dd, J = 16.9, 7.3 Hz, 1H), 0.28 (s, 18H); *C NMR (101 MHz, CDCl,): 6 197.8, 153.4,
143.2, 142.8, 137.7, 136.9, 134.8, 133.2, 128.7, 128.6, 128.0, 127.7, 126.7, 118.4 (q, Jce = 320.0 Hz),
45.4, 44.7, 0.2; F NMR (376 MHz, CDCl,): 6 -72.5. HRMS (El+): m/z calcd for C,sH330,4F3Si,S
578.1590; found 578.1586.

Ph Ph

2-bromo-4-(3-oxo0-1,3-diphenylpropyl)-6-(trimethylsilyl)pheny! trifluoromethanesulfonate (7d)

Br Boronic acid 6b (101 mg). Column chromatography eluent: pentane/Et,O

OTf  (40:1), Ry = 0.2. Yield = 93% (based on 6b), yellow oil. '"H NMR (400

o SiM MHz, CDCls): 6 7.96 — 7.89 (m, 2H), 7.59 — 7.53 (m, 1H), 7.51 (d, J = 2.3
iVMies

Hz, 1H), 7.49 — 7.42 (m, 2H), 7.35 (d, J = 2.3 Hz, 1H), 7.34 — 7.28 (m, 2H),
7.26 — 7.22 (m, 3H), 4.83 (t, J = 7.2 Hz, 1H), 3.73 (dd, J = 17.3, 7.2 Hz,
1H), 3.67 (dd, J = 17.3, 7.2 Hz, 1H), 0.32 (s, 9H); *C NMR (101 MHz, CDCl,): § 197.2, 147.2, 1455,
142.5,137.4, 136.7, 135.2, 135.0, 133.4, 128.9, 128.7, 128.0, 127.7, 127.0, 118.5 (q, Jcr = 320.8 Hz),
116.5, 45.0, 44.5, -0.1; F NMR (376 MHz, CDCly): 6 -71.8. HRMS (EI+): m/z calcd for
Cu5H2404BrSSiF; 584.0300; found 584.0309.

Ph Ph

6.4 lodonium Suzuki Coupling

A 6 mL glass flask equipped with a Teflon cap and magnetic stirrer was charged with the appropriate
boronic acid (0.2 mmol, 1 equiv.), iodonium salt (0.2 mmol, 1 equiv.), Pd(OAc), (1 mg, 0.004 mmol,
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2 mol%) and Na,CO; (25 mg, 0.24 mmol, 0.2 equiv.). The flask was evacuated and backfilled with
argon. Diglyme (0.8 mL) and H,O (0.2 ml) were added and the resulting suspension was stirred for 20
h at 20 °C. The reaction mixture was diluted with Et,O (20 mL) and washed with a saturated solution
of NH,CI (2 x 15 mL), dried (Na,SO,), concentrated under reduced pressure and purified by silica gel
flash chromatography using the indicated eluent system.

4'-bromo-3-methyl-5-(trimethylsilyl)-[1,1'-biphenyl]-4-yI trifluoromethanesulfonate (7€)

Me Boronic acid 6b (71 mg), bis(4-bromophenyl)iodonium triflate (118 mg).

OTf  Column chromatography eluent: pentane/Et,O (40 : 1), Ry = 0.2. Yield =

O SiMe 67% (based on 6b), colorless solid. '"H NMR (400 MHz, CDCl,): J 7.62 —

O ¥ 755 (m, 2H), 7.54 — 7.51 (dd, J = 2.4, 0.5 Hz, 1H), 7.45 (dd, J = 2.4, 0.5

Br Hz, 1H), 7.44 — 7.38 (m, 2H), 2.46 (s, 3H), 0.44 (s, 9H); *C NMR (101

MHz, CDCl,): ¢ 150.7, 139.7, 138.7, 135.5, 132.9, 132.2, 132.0, 131.8, 128.8, 122.2, 118.6 (q, Jcr =

319.8 Hz), 17.4 (q, Jcr = 1.4 Hz), 0.1; **F NMR (376 MHz, CDCl,): 6 -73.3. HRMS (El+): m/z calcd
for C17H1304F3BrSSi 465.9881; found 465.9873.

3-bromo-5-(trimethylsilyl)-[1,1'-biphenyl]-4-yl trifluoromethanesulfonate (7f)

Br Boronic acid 6d (84 mg), diphenyliodonium para-toluenesulfonate (90 mg).

OTf  Column chromatography eluent: pentane. R; = 0.4. Yield = 87% (based on 6d),

O _ colorless solid. *H NMR (400 MHz, CDCls): 6 7.86 (d, J = 2.3 Hz, 1H), 7.65 (d,

O SiMes 3= 2.3 Hz, 1H), 7.55 — 7.51 (m, 2H), 7.50 — 7.44 (m, 2H), 7.44 — 7.39 (M, 1H),

0.44 (s, 9H); B3C NMR (101 MHz, CDCly): 6 148.0, 142.3, 138.4, 137.8, 134.2,

129.0, 128.4, 127.2, 118.6 (q, Jcr = 321.0 Hz), 116.7, 0.1; *F NMR (376 MHz, CDCl,): ¢ -71.6.
HRMS (EI+): m/z calcd for Ci¢H1603F3SiSBr 451.9725; found 451.9727.

6.5 Ilodination

5-iodo-3-(trimethylsilyl)pyridin-2-yl trifluoromethanesulfonate (7g)

| SiMe, A 6 mL glass flask equipped with a Teflon cap and magnetic stirrer was charged
\(\I with boronic acid 6f (69 mg, 0.2 mmol, 1 equiv.), N-iodosuccinimide (135 mg,
N >Nots 0.6 mmol, 3 equiv.), Cul (4 mg, 0.02 mmol, 10 mol%), 1,10-phenanthroline (7 mg,
0.02 mmol, 10 mol%) and K,CO;3; (56 mg, 0.4 mmol, 2 equiv.). The flask was evacuated and
backfilled with argon. Diglyme (1 mL) was added and the resulting suspension was stirred for 16 h at
40 °C. The reaction mixture was diluted with Et,0 (20 mL) and washed with a 1 to 1 solution of
saturated aqueous NH,4CI and saturated aqueous Na,SOs (15 mL) then wash with brine (10 mL), dried
(Na,SO,), concentrated under reduced pressure and purified by silica gel flash chromatography; eluent
system: pentane/Et,O (50 : 1). Ry = 0.5. Yield = 93% (based on 6f), pale yellow oil. *H NMR (400
MHz, CDCl5): 6 8.51 (d, J = 2.4 Hz, 1H), 8.12 (d, J = 2.4 Hz, 1H), 0.37 (s, 9H); *C NMR (101 MHz,
CDCl): 6 160.0, 154.5, 154.5, 128.7, 118.4 (q, Jcr = 321.0 Hz), 92.0, -1.7; **F NMR (376 MHz,
CDCly): 6 -72.6. HRMS (El+): m/z calcd for CoH1iNO3F3SiSI 424.9226; found 424.9220.
Note: For the identical reaction run without Cul, the conversion after 16 h is 70 %.

6.6 Chan-Lam Coupling

A 6 mL glass flask equipped with a rubber septum and magnetic stirrer was charged with the
appropriate boronate (1.2 equiv.), Cu(OAc),H,O (0.1 equiv.) and pre-dried 4A molecular sieves
(375 mg/mmol). The flask was evacuated and backfilled with O,. CH,Cl, (1 mL) was added and the
resulting suspension was stirred for 5 min at 20 °C. Morpholine (1 equiv.) was then added and the
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mixture was stirred for 20 h at 40 °C. The crude mixture was purified by silica gel flash
chromatography using the indicated eluent system.

2-methyl-4-morpholino-6-(trimethylsilyl)phenyl trifluoromethanesulfonate (7h)

Me Boronic acid 6b (71 mg, 0.2 mmol), copper (3.2 mg, 0.016 mmol), 4A MS
/©:°Tf (75mg), morpholine (14.3 mg, 0.16 mmol). Column chromatography eluent:
o

petroleum ether/EtOACc (10 : 1), Rf = 0.4. Yield = 93% (based on morpholine),
colorless solid. *"H NMR (400 MHz, CDCl5): § 6.86 (d, J = 2.9 Hz, 1H), 6.76
(d, J = 2.9 Hz, 1H), 3.94 — 3.80 (m, 4H), 3.22 — 3.10 (m, 4H), 2.34 (s, 3H),
0.37 (s, 9H); *C NMR (101 MHz, CDCl5): § 150.0, 144.1, 135.1, 131.9, 120.7, 119.9, 118.6 (q, Jcr =
319.8 Hz), 66.7, 49.1, 17.7 (q, Jcr = 1.4 Hz), 0.1; *F NMR (376 MHz, CDCls): § -73.5. HRMS (CI+):
m/z calcd for C15H,3NO,SSiF; 398.1069; found 398.1070.

SiMe;
(o)

2-bromo-4-morpholino-6-(trimethylsilyl)phenyl trifluoromethanesulfonate (7i)

Boronic acid 6d (71 mg, 0.24 mmol), copper (3.2 mg, 0.02 mmol), 4A MS (75mg), morpholine (14.3

mg, 0.2 mmol). Column chromatography eluent: pentane/Et,0 (9 : 1), R =

Br 0.2. Yield = 72% (based on morpholing), colorless solid. *H NMR (400 MHz,

/@:0" CDCly): 6 7.11 (s, 1H), 6.92 (s, 1H), 3.85 (s, 4H), 3.17 (s, 4H), 0.39 (s, 9H);

(\N B3C NMR (101 MHz, CDCly): 6 150.7, 141.3, 137.3, 121.4, 121.2, 118.5 (q,

o\) Jor = 320.4 Hz), 117.0, 66.6, 48.5, 0.1; °F NMR (376 MHz, CDCl;): ¢ -71.8.
HRMS (EI+): m/z calcd for C14HsNO4F3SiSBr 460.9940; found 460.9956.
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7 Crystallographic Data

Crystal data

Compound 4m

Compound 4h

CCDC-No.

Empirical formula

Formula weight

Crystal description

Crystal size

Crystal system, space group
Unit cell dimensions:

a
b
c
o
p
r

Volume

VA

Calculated density

F(000)

Linear absorption coefficient pt
Absorption correction

Max. and min. transmission
Unit cell determination

Data collection

Temperature

Diffractometer

Radiation source

Radiation and wavelength
Monochromator

Scan type

@ range for data collection
Index ranges

Reflections collected / unique
Significant unique reflections
R(int), R(sigma)
Completeness t0 Opay

Refinement

Refinement method

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

Final R indices [I > 2o(1)]

R indices (all data)
Weighting scheme

Weighting scheme parameters
a

Largest A/c in last cycle
Largest difference peak and
hole

Structure Solution Program
Structure Refinement Program

Cy3H,9BBrNO;
458.19
Colorless block
0.35x0.22x0.21
Triclinic P

5.9629(3)
9.6761(5)
9.6943(5)
83.833(3)
82.215(3)
89.828(3)
550.94(5)
1
1.381 Mg/m?
238
1.889 mm*
multi-scan, SADABS 2008
0.6257 and 0.7455
21 <®<27.4°
4282 reflections used at 100K

100(2)K
Bruker APEX-1I CCD
fine-focus sealed tube

MoK, 0.71073A
Graphite
 scans
21 <©®<274°
-7<h<7,-12<k<12,-12<1<12
8642/ 4395
4282 with 1 > 26(1)
0.0294, 0.0479
99.7%

Full-matrix least-squares on F2

4395/ 270/ 3

1.015

R1 =0.0299, wR2 = 0.0623

R1 = 0.0313, wR2 =0.0618

w=1/[c%(F,?)+(aP)?] where

P=(F,+2F /3

0.0302

0.000

0.527 and -0.248 e/As

SHELXS-2014 (Sheldrick, 2008)
SHELXL-2014 (Sheldrick, 2008)

Cy7H19BBrNO;, CHCI3
495.42
Colorless block
0.45%x0.23x0.2
Orthorhombic,Pbca

13.0653(7)
11.0099(6)
29.9093(17)
90
90
90
4302.4(4)
8
1.530 Mg/m3
2000
2.301 mm’*
multi-scan, SADABS 2008
0.5929 and 0.7455
14 <®<27.2°
3607 reflections used at 100K

100(2)K
Bruker APEX-11 CCD
fine-focus sealed tube

MoK, 0.71073A
Graphite
® scans
14 <©®<27.2°
-16 <h<16,-14<k<11,-29<1<38
34995/ 4781
3607 with | > 2o(1)
0.0429, 0.0583
99.3%

Full-matrix least-squares on F2

4781/ 249/ 0

1.015

R1 =0.0327, wR2 = 0.0653

R1 = 0.0557, wR2 =0.0719
w=1/[c%(F,2)+(aP)%+bP] where P=(F,2+2F2)/3

a=0.0291, b = 2.1499
0.001
0.468 and -0.411 e/A3

SHELXS-2014 (Sheldrick, 2008)
SHELXL-2014 (Sheldrick, 2008)
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Figure S1. ORTEP drawing of 4m at 50% probability levels. Hydrogen atoms are omitted for clarity.
4m was refined as an inversion twin with a BASF of 0.53.

v

\)
\

Figure S2. ORTEP drawing of 4h at 50% probability levels. The chloroform solvate is omitted for
clarity.

8 References

[1] G. Sheldrick, Acta Crystallogr., Sect. A: Found. Crystallogr. 2008, A64, 112-122.

[2] D. Pefia, A. Cobas, D. Pérez, E. Guitidn, Synthesis 2002, 2002, 1454-1458.

[3] T. Ikawa, T. Nishiyama, T. Shigeta, S. Mohri, S. Morita, S.-i. Takayanagi, Y. Terauchi, Y. Morikawa,
A. Takagi, Y. Ishikawa, S. Fujii, Y. Kita, S. Akai, Angew. Chem. Int. Ed. 2011, 50, 5674-5677.

[4] V. Matousek, E. Pietrasiak, L. Sigrist, B. Czarniecki, A. Togni, Eur. J. Org. Chem. 2014, 2014, 3087-
3092.

[5] F. I. Carroll, T. P. Robinson, L. E. Brieaddy, R. N. Atkinson, S. W. Mascarella, M. |. Damaj, B. R.
Martin, H. A. Navarro, J. Med. Chem. 2007, 50, 6383-6391.

[6] J. Sun, M. T. Perfetti, W. L. Santos, J. Org. Chem. 2011, 76, 3571-3575.

[71 A.J. ). Lennox, G. C. Lloyd-Jones, Angew. Chem. Int. Ed. 2012, 51, 9385-9388.

S18



9 Copies of Spectra

LEO~_
8c 0

]

_ 7

!

4

OTf
SiMe;

[45%4
vEL

(454
€87,
69,
EL'L\

vl =
98/
98/
88/
88/
S6°L

Y

3

8'T¢
G6'6

19°T¢€
0°€T

S19

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0 4.5

f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.5



88°0-
08'0->

64'%¢
18'%¢ :>_

ST'$8
e
69°CTT
98911
/[8°9TT
SH'8TT
V'S8T
S0°0¢T
cceaa
€0°S¢T \
+0°SCT
OF'TET
op'ECT %
99'G¢ET 7_
68°GET

S6°LET
681 /

16'PST ~
9€’/ST —

S20

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0LT-

091-

(wdd) 14

0GT- OvT- O0€T- O0¢C1- OTT- O00T- 06- 08- 0/- 09- 0G- 0b- 0g- 0¢- 0T- 0 0T 0¢ 0€
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | ! | ! | | ! | ! | ! |
—
N
(9p]
-mNuan
Lig
0 0
_\/_ €aNIS m,o to@\m,o
© o 110 falnis
Vo)



(wdd) 13
06- 08- (8 09- 0S- ob- 0¢- 0z- 01- 0 1] 0z 0€ ot 0S 09 (V4 08 06
| | | | | | | | | ! | | | | | | ! | ! | ! | ! | !
N
N
(9p]
-NN “ -wN
L€
% 0
SaNIS mlo FFOG\MIO
3 m _
Y 110 RS
(o)}



(wdd) T4

/L1

04T

S9T

09T

SST

0ST

SbT

o1

SET

0T

T4}

0ct

STT

9 §9 99 /9 89 69 0/

(wdd) 73
1L TL €L ¥L SL 9L UL 8L 6L 08

T8 ¢8 €8 +'8 98 978

(D)H

(Q)H

Q
(9p]
@e | s0-bd
5
SINL-bD #H WM
00)
(.g)H w%
A\<v—l_ :NN “ .NN
(a)H Lig
Y 0 0
S|

110




5e'T — — %
S/t _ _
€8/ = = ——
&
E =
(o) n
EQ S
m-0
e

 66'8

= 74!

F00°€

+ ¥6°0
€60

S24

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



P1°0—

00°LT
c0'/LT }
€0°LT

a8 —

Ty8 —

b8ETT —
20°L1T —
02°02T -~
gereer
6E0ET ~
€8°EET —
bEOPT

ET'THT A

LY EST —

S25

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00c- 06T- 08T- O0/T- 09T- O0ST- ObI- O0€T- O0OCI- OTT- 00T- 06- 08- 0/- 09- 0S- 0b- o¢- 0¢- 0T- (0]! o¢ o€
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | | ! | ! | ! |
({o)
[9V}
(9p]
[
|
az
o
fais g
: ~0
_u 110
W SN
[00]



06- 08- 0z- 09- 0S- 0b- 0¢- 0¢- 0T- 0T 0¢ 0¢ ov 0Ss 09 (0)4 08 06
| | | | | | | | | ! | | | | | | | ! | ! | !
N~
N
(9p]
|
az
o
fais g
: ~0
110
SN

95°0¢€




9¢'0 — — 4
PET — %
[8E€— —_ ﬁ)
L~ - _
€eL— - _:

<

= E

wn O

OMe
2c

F 0T'6

= 00°¢

= ¥6°0
=060

S28

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



98'0 —

96'vC —

98°95 —

VP8 —

66°€TT
80°STT
8T/LTT
18'8TT
€8'8TT
LE0CT
EERXA
i d74!

e

8v'bST —

61°G9T —

SiMe3
OTf

OMe
2c

S29

-10

220 210 200 190 180 170 160 150 140 130 120f %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00¢- 06T- 08T- O0/Z1- O091- O0ST- ObT- O0OET- O0CT- OTT- 00T- 06- 08- 0/- 09- 0G- 0b- 0g- 0¢- 0T- 0T 0¢ 0€
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | | ! | ! | |
o
o™
(9p]
|
2 A_U
110 a.
_a CaluIs
% aNO
o



06- 08- 0z- 09- 0S- 0b- 0¢- 0¢- 0T- 0 0T 0¢ 0¢ ov 0Ss 09 (0)4 08 06
| | | | | | | | | ! | | | | | | | | | ! |
—
o
(9p]
2 a_u
110 a.
fais
aNo

61°0€



I

V0 —
PET —
88/ —
80'8 —
Y
e =
(@) [7)
LY 3

.

= 00°6

=T

= 16°0
= /80

S32

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



0T'0—

08'vC¢ —

6v'v8 —

6L°€TT
2ToTT
86911~
[T0ZT

oc'czr /-

88"9ET ~L
96'T¥T
LO°CPT

18'0ST —

S33

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00c- 06T- 08T- O0/T- 09T- O0ST- ObI- O0€T- O0OCI- OTT- 00T- 06- 08- 0/- 09- 0S- 0b- o¢- 0¢- 0T- (0]! o¢ o€
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | | ! | ! | |
<
o
(9p]
|
pZ
o
)
fais =
N 110
o ig
o



06- 08- 0z- 09- 0S- 0b- 0¢- 0¢- 0T- 0 0T 0¢ 0¢ oy 0Ss 09 (0)4 08 06
| | | | | | | | | ! | | | | | | | | | ! |
Lo
o
(9p]
pZ
o
)
fais =
110
ig

¢0'0€



(wdd) T4

00 S0 0T ST 0'¢ Q¢ o€ q'€ o't 4 0's q'S 09 S9 0L (WA 0'8 9’8 0’6 9’6 00T S0T OTT
L | | | ! | | | | | | ! | ! | | ! | | | | ! | | | ! | ! | | |
& & > &
w N o (9p]
by T L
T 1
|
i
ez oﬁ
]
fanis 8.
o = N 30
w w o fapis
N (6] O



6€°0 —

¥8'vC —

0P8 —

E9ETT
18°9TT —
00°0¢T —
8T°€CT —

VLEET —

L6'THT
£0ThT >
(80T

SP /ST —

oTf
SiMe;

3

SiMe
Bﬁi
2e

S37

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0LT-

091-

0ST-

obI-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

SE¢L-

oz
fanis

310
fapis

a.



06- 08- 0z- 09- 0S- 0b- 0¢- 0¢- 0T- 0 0T 0¢ 0¢ ov 0Ss 09 (0)4 08 06
| | | | | | | | | ! | | | | | | | | | ! |
D
o
(9p]
YA o
]
fanis .
310
fapis

SG°0€



LE0—
vET —
€8
b8
S9'8
59'8>
&
= i
(7] o
/

2f

M

——

= 6bV'6

=0T

= 10T

= G60

S40

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



PS'T-—

8/¥C—

8v' 8 —

89°ETT
[8°9TT~
S0°0ZT ~_
bZ'ETT ~
8L°€TT

/T°€ST —
/15517
£2729T ~

i

S41

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0LT-

091-

0ST-

obI-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

0¢-

a8'eL-

T4
110 __N

Q@
topis” X~ ~g-O



[4 4413

08 06
| L | L
™
<
(2}
14
110 \Z
|
MQE_ow \o
\
o



6€'0 —

LET—

569
569
£6°9
L6°9

u

= TT°6

ST

00T

S44

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



é8'0-—

9V —

$9'v¥8 —

¢8'EIT
98911
68911
T10°£1T
OT"LTT
YT LTT
0coct /

6651
89°TvT
LTPT
VLOTPT

6T°SST
T€'GST
LL7LST

S45

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14
00z- 06T- 081- 0/- 09I- O0ST- ObI- 0€I- 0ZI- OIT- 00T- 06- 08 0/~ 09- 0S- O 0E- 0Z- OI- O 01

S46

[ T T T T T T T [ 310
H R ROV OO N N

NIV N o o oo o © ¢

W N OO



06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14
0

0T

0¢

0€

0}4

0s

09

0L

08

06

P1°6¢C

S47




50—

56'0-
20T —

60'T~

VL
17£'L7
608 —

B
o]

/
\

SiMe3
A\
N
H

ed145-02_purif 8ROTON_01
o
TfO

IB\
g

. JUUL M

= $9°6

ST I

=9/'vT

9°¢CT |

= 00T

= 560 |

660 |

S48

1.0

0.0

0.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

1.0



L0'T —

8/

06'bC

[TH8

L£'178> -
[SETT
8Z'STT X B N
90°/1T — =
S2'02T — e
15221 T —3
cveeT ]
A ——
T1°2€T ]
85°0bT — o
by 8T — N

¢

SiMe;
IB\
83

TfO

ed145-02_anal_CARBON_01
A\
N
H

S49

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

OTT-

00T-

(wdd) 14

06-

08-

0z- 09- 0S- 0t~ 0¢- 0¢- 0T- 0 1) 0¢ 0€

S50

H
o N

\
o 0ilL

fanis
10 INIYONT4 JINd 20-SHTpe

0S°€s-



06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14
0

0T

0¢

0€

0)4

0s

09

174 08 06

9t°0€

S51

H
o N
\
o 0ilL
fanis
T0 TT NOYOg |eue ¢0-SH1pe



€0°S ~_
8957
:
£€8'9 -
G8'9 -
58'9 1
989
/89
88'9
€0°L
€0°L
50°L
90°Z
0L

LLL

082
082
08/
1872
8L
14y
01°8-
01°84
11°8
718
718
€1'8

— ————————
—
= =
~_

—_ _
\\ i
=
=z = =
Q : ,

0

el
8C°¢E

96°0

80°T
II[’ cre

06'¢

00'T
= ¢S50

S52

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



85'vC
y9'¥¢ >

L0'€8~
L£°€8

TL°STT
SP/TT
96'81T
¢s'oct
06'021\
19°T¢T —
88T —

|YAVAA:
69°'8¢T
crect
ST'6d1 /
6G°9€T
€0'ert
S9TrT

ov'eprT
SCorT

S53

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

Ot-

0¢-

0¢-

oT-

(wdd) 14

&'1E—

S54



PET —

95’9
/(89 N
89

10°£
01/

OMe

J
_— —
- _
. T
< =9

- —
= -

=E£0°ET

E 6C'Y

LT'€E

R 960
860
o 00°T

S55

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5



18'v¢ —

ey —
€€°6G —

$8°99 —

8/°€8 —

S6°S0T —
99°60T -
PO'STT ~

LY'SCT —

ST'09T —

OMe

I

S56

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14

¥L0€

S57

SINO



00—

€T —

0L~
€L
68/
68/
(8L

18'1/
S6°L

SiMe
4c

N Ji

J|

= G6'8

=¢S'ET

00’y

FETY

=0T

= C0'T
B G60

S58

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



P1°0—

18'vC —

0TvS —

8T°/9 —

99°€8 —

8/°'T¢T —

BT LET ~_
il
STTHT

¢CeoT —

°)
4
[)
= &
(/2]
m-o
K~
N
n
(—O
o Z_) —
[)
=
@ 4

S59

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14

88°0¢

S60



92°9
929 -
[T9
8291
679
62°9 1
0€'9
1€°9
1€°9
Z€9
€€'9
bE'9
bE'9
594
L£9
8¢9
8¢9
6£°9 -
09

|t

— 1P

ST

60
0°¢

S61

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



S8y —

[P'99 —

6T'v6
St'v6
TL'¥6
89°L6
VASNAS
8L'L6
[8°'L6

)

TTEST
€Z'€ST>.

GEESaT
£9°C9T
¢8°C9T1 :>'
0T'99T1
SC'991
(—O
W
T2t
T8 <
T8

Im

S62

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



6£601-
8601
L£°60T- A
9£°60T-
GL°60T-

v/'60T-
€/°60T-
2,°60T1-
1£°601- A
0£'60T-

S63

-20 -30 -40 -50 -60 -70 -513:0( -9)0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
1 (ppm

-10

20 10

30



T —

3
N _
- -
1
— ==
~~ —
O

Me
! o
.
%
6:1
/ /,/
| il
| |

20T
6L

. 00°€
~ /€0

S64

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5

1.0



€6'ST ]
85°07
SS'bT

8557

b8'0ST ~_ o ]

bETST @ ~
(@]

G9°E9T ~_ Q o

[}]
o' p9T -~ =
m-0
ey
_ o
o]
(@]
Q $
P—O

a )& S65

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230




06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14

S/°0€

SN

S66



¥
m
b

S

m
%
m

899
89'95_
699

S0'L~_
8T'L~
0z'L
wL
4302
e,
8EL
(o
'L

CN

ed193-02_anal PeROTON_Ol
4f

il

A JLA M

FoE'CT

= 0T'¢

S67

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



£8'¥¢

95°GS —

€198 —

9/°60T

217'811%
8EGTT ~Z
86°/LTT —
06°0¢T -~
S9'ZZT%
ycoct

8G°0€T /

66°9ST ~_
SC'8ST —
€091

ed193-02_anal CeARBON 01
4f

S68

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



£(8°0€

S69

w O

S SO _
TO TT NOYO4 [eue ¢Q-£6TP3



€10~
€Co—

60T ~
9T'T

L9 1
8v'9
6v°9 -
05°9 -
25°9 -
5591
159
659
59°9
£9°9
29
bL'9
9,9
9L'9
689
489

L

6L,
6[1%
6L,

0’8
0’8
90'8
90'8
S¢'8
&r'8
'8

= L1'6

= 066

UL

_ 2 ever

SiMe
BQ
49

/

/

/

] J

60T

S70

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



0L T-~_
€C1--

6v'vC
98¢ >

$9'€E8
054587
€O0LTT
L6°0CT
XA
+9'1¢CT
LE°CCT
/8°SCT
00'9¢t
€t
L0°0€T
0T"0€T %

€C0ET L
EToLT
LTBET l

z

IS X44! 1

[4%34! } Q
O

TTSST~ o

(]
LELST— =
poest/ "’Q
SbE9T <~ .

3

SiMe
BQ
4g

S71

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

06- 08- 0L- 09- 0S- 0b- o¢- 0z- 0T- 0 0T 0z o€ ob 0S 09 oL 08 06
| | | | | | | | | ! | | | ! | | | | | ! | |
N

N~

(9p]

|
0 % 9
zo/@/ 8.4 zo/@\o a.
o) )
CaIS Leb CaIS



60°'T —

8599
099
099
199

€€/~
GeL

LLL~
v0'8

s
(b8 —

—

a

=0'ET

FITT

E 60T
= /0T
80°T
SO'T

= 00T

S73

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



e —

6/'€8 — -

0L’ 12T
00'€cT l R
L7571/

26'871 —_——
62°0¢T 7

8L°€ET ]
zg8e1 /-

16'9vT — B

v6'6vT
06°GST ~ -

S74

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14

98'6¢

S75



SET—

LL7E—

00/
9z'/
9z'/
0b'L
'L
bb'/
9/
[l
8t/
6b'L —
952/
€/l
/L
111
6/,
6/,
18/
€8/

3,00

///// f

=, LT

— = 1€

S76

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



98'vC —

6€'6S —

908 —

€T°8TT
PE0cT
90'9¢T
16°9¢T
LT
|YAVAAS
05°8¢T
LL°8CT l‘
&r'6ct {
90°0€T
Teeer
9T’ EET
64°EET
9C'9¢ET

YL 68T —

OMe
J@ 9@
4i

S77

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



P0'TE

S78




€ee'rT—

(8'E€—

69°'S —
v6'S —

00
0L

€0,
G0,
L0°L /

9¢’L

P

D

=68'CT

= 6C'¢

= 00T
= /60

80°¢
00'T
= 86°0

S79

105 100 95 9.0 85 8.0 75 70 65 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

11.0



0L¥¢ i
9LvC >

I

€965 —

06'6Z ~_ =
9€°78 ~—
0L€8~

SLITT ~
LT°6TT —

0£'8ET ~_
€S THT ~
SO'shT

98°0ST ~_ -
8¢ST B

|

S80

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14
0

0T

0¢

0€

0}4

0s

09

0L

08

06

VA4S

S81




J

9T'T —

6L'C—

v

Ir

R

E8HET

EPTE

0T

T 860
= 150

= 60
A 10T
00T

S82

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 50 4.5
f1 (ppm)

6.0

6.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.0



€991 —

S8'pe

PEY8 —

ST'PIT
GS'TeT
0eect
LT°9CT
¥6°'6C1
6€°0€T
CO'TET -F
€9'T€I{
S6'TET

6T1°8ET

T0°8PT —

PSS

S83

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



¢6'0€

14

A

SN

S84



(wdd) T4

8’8

9’8

'8 -

'8

0'8

8L

9’/

V'L

L

0°L-

8'9

9'9 4

P9

9

S'¢

0¢

(wdd) 73
G'S

S'€ 0t Sy 0'S 09

S'9 0L S, 08

09+

dnous a|n

(9) H

o)

=

v

b 14

S85

(V) H

SN




9£°G ~_
05§
12°9
L9
L9
1179
119
96'9
169
169
86'9
66'9
66'9
€0°L
S0°L
S0°L
L0°L
0g'L
0L
0L
1€,
zeL
z -
7
ce/
85°/ -
85° -
65/
09°/ 1
b9/
bl

[

1WA

-
=

; LT

,8€'T
00T

£6'0
¥ 8€'T
7T
e
e
A 79
Se'T
€T
16°0
96°0

S86

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5

1.0



[4 74
6t ¢
0S'v¢
9'vC
£0°S¢
60°G¢

£5°09
09'09 >
8999 ~_
6699/

80°€8 ~_
9c'eg

T€90T —
€o'cEt -

1T
6T°/CT
eeLaa
L Lt -1
9€'8¢T {
[4 414!
STYbI
T vt >

0€°99T —
S0°'6ST —

S87

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

oT-

(wdd) 14

S88




(wdd) T4

569

0°69

G'89

089

SWAE

0°£9

599

0799 +

§'G9

099 +

S'¥9

09

S'€9

0°€9+

S'9 L9 89 6’9 0L T°L L 1WA VL S'/L 9/ LL 8/ 6'L 0’8
A
( )/
Wl
i
V'V
(O)H

W

N © HD




€9°G —

€¢L
9¢’L
9C'L
8C'L

9L

02'17
(454

= 959°6
Fop'CT

= 00'T

1179
= 06'0

S90

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



8'v¢
L8'172}
€€°G¢

69°'T9 —
6/4'(9 —

0C'v¥8 —

9t TIT —

bLLTT —
o'/t

AR\
6v°82T -,
9" 0€T f
9€"ZET

2 THT —

61°89T —

Mo

A

S91

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

[4N0]3

S92



0T ~_
ST~
15°€
75°€
€5°¢
bG'g
09°€ 4
19°€
19°¢
z9°¢

=\
L

Il

i

=6v'CT

= +8°0
= /80

S93

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



6L'¥C— -

PS'GE — -
6/'8€ — -

SL Y — -

18°65 — -

W

|

659°€8 — -

P LTT —

0€LPT — -

95°95T ~_
66'9ST ~

90°'69T —

M.

S94

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14

£9°0€

S95



(wdd) T4

04T

S9T

09T

SST

0ST

SPT

O

DO

S96

0=2

(V) HD

N‘N- 0 b

(4) HD

Ve

Vv Ud304pAH

—

g ua30.4pAH

uy

N__N_ 9

S
X .0,
o




b0 — _
97— - J
59'7 — S il
157
157
85/ ]
| ) 3
€9/ — _— —
cos/
70'8 ~_ ———
90'8 i
&
E =
(o) n

Me
5a

Me

=06

=86'C
=00'€

T0'T
4 0T
T'¢C

F0'¢

S97

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



80°0 —

/LT
VA VA!

§9'9C¢ —

€8°€TT
10°LTT
61°0CT
LE€TT
8c /Tl
6'82T ~\
P6'TET ~_
8y'eET T
9T’ €ET
79°SET
97'9€T
09°'6€T
[THPT
€0°TST

G

ARV

LCRAS

SiMe;

Me

5a

Me

S98

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

0971-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

S99

9C'eL-

fapis

110

eg

SN

SN



8+'0 —

8¢ —

if PROTON_01
SiMej
OTf

ed234-01_purif_
OMe
Sk

M

=068

=IT'€

=€0'T
=460
1'C
1T
~80'Z

HE0'¢

=00'T

S100

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5

1.0



S/'8S —

€9°CTT ~
6L ETT
98'STT 1
88'STT 1
86°9T1T -
80°021 4
L1°02T
LEETT
[T’'STT
€6°SCT
€1°9¢T
GE /2T
€b'8eT l
€8'6CT f
TTIET /
GSPET

0EPT —

9§ bST —

8€'G9T —

if CARBON_01
SiMej

_puri

ed234-01

oTf

OMe
5b

S101

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14
00¢c- 0eT- 08T- 041- 09T- O0ST- OPI- O0O€T- 0cCI- OFT- 00T- 06- 08- 0z- 09- 0S- 0t- 0¢- 0¢- 0T- 0 0T 0¢ 0€

S102

as O
310 Q'
fapis O

EY o)
10 INIYONT4 JINd ™ 10-HEZP?

S59¢L



$'0—

0T’/
|94
(44
€L
o€,
1€,

€eL
SEYL
S,

(=

oTf

SiMe3

M,

SiMe;
5c

S

=0£'8T

= 00T
00'T
96°0
= £6'T

S103

-1.0 -1.5

-0.5

0.0

30 25 20 15 1.0

3.5

4.0

50 4.5
f1 (ppm)

6.0 5.5

6.5

7.0

7.5

8.0

8.5

10.5 100 9.5 9.0

11.0

1.5



0€'0—

bO'ETT
78911 %
0002T "
8T°€CT

80°'vCT 7
b/'STT

81°8ZT /
cHesT /f
19'GET /
£9'GET

L9°THT /

TTPST —

oTf

SiMe3

SiMe;

[N

5c

S

S104

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00c- 06T- O08T- O0/T- 091- O0ST- ObT- O0E€T- O0¢T- OTT- O00T- 06- 08- 0/- 09- 0S- 0b- o¢- 0c¢- 0T- (0]! 0¢ 0¢
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | | ! | ! | ! |
[Te)
o
—
(9p]
- .
|
26 S A\
fanis ~
310
fais

SeeL-



o —

96°€ —

09°L~_
9L
stL/
€18~
G188

oTf

SiMej

SiMe;

5d

MeOZC

[/

o,

=81

= 00'¢

= IT°¢C
B G6'T

/6T

S106

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



PE0—

8T1°¢S —

bO'ETT
28911 %
10°02T

6T°ECT ~
6221~
bt 62T —
61°0€T

L9'SET -7
20 LET f
20'6ET
LEPbT

L8 PST —

94991 —

oTf

SiMej

SiMe;

5d

MeOZC

Ju

S107

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S108

1e¢s-

pS
fais

310
fapis

_ 2%08IN



0—

ed235-01_F1_PROTON_01
a4
S X
5e N7

—1'6

JOT'T
0T
0T

=50'T

=00'T

S109

6
f1 (ppm)

13 12 11 10

14



Q91—

TL°€1T

68°9TT

80'021\
LZ'EZI\
68'172I\
Sb'STT k
£9°92T —
€v'82T /F
bE0ET

G9'8ET ~—
06'ShT ~_
Lb'SHT —

89°6ST —

—i

oI

z .
m%-..
€ 5 5
UI

— \
s (=
I'UI —
i
2% 8
m\
o

©

(0]

oy

S110

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14
00¢c- 0eT- 08T- 041- 09T- O0ST- OPI- O0O€T- 0cCI- OFT- 00T- 06- 08- 0z- 09- 0S- 0t- 0¢- 0¢- 0T- 0 0T 0¢ 0€

S111

110 \z_ ag
A S

W,
T0 ANIYONTd T4 TO-SECP°

fapis

eLes-



124 'EN
9’0"

1572

€57\
TLL~
€L
608

11'8-7
ZI'8/

SZ'8/
(T8
0’8

oTf

QH
B
HO~

SiMe;

6a

8'/6
65’8

=T
91T
€9'8
(a4
S
00'T
06'0

—it

S112

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



¢6'0-—

LLETT ~_
G6'9TT ~_
€1°0CT —
T€°€CT —
79'se1

90 VET ~_
LTOET —
€9°8€T

62°SST —

OTf
SiMe;

CI)H
B
HO~
6a

in

S113

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0LT-

091-

0ST-

obI-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

S114

90'vL-

fanis

110

eg9
.OH
HO



98¢

S115

fanis

110

e9

HO



(wdd) T4

69 07

T/

[V

€/

VL

S/

9/

'L

8/

(wdd) 73

6L

08

18

a8

€8 +'8

S8

98

L8

88

68

06

—_— —

<

e ———

S116

fanis

110

e9

HO



0b'0~ . _
(P00 )
167 — _— 2
99'L N =3
serd
808 ~ - _
97’8 ~ - _:
&
E =
(o] 7]

Me
OH 6b

HO.

=CS°0T
A0T°0€

= ¥0'€
BGT°0T

=~ €0'T
ﬁ-OOT
= €€
= S€°€

S117

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5

1.0



90'0 —

8ELT —

16°0€ —

8e'€TT
2L 0ET
bO'TET
6T vET
6v'vET
TT6ET~
86'6€T -7
86051/
6T ThT
9E'EST ~_
99'bST -~

C8°ETT
S8'ETT
00°Z1T
¢0LTT
8T°0CT
o0coct
92"521\

OTf

SiMe;

3

OH 6b

HO.

5118

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00c- 06T- 08T- 04T- 091- O0ST- OFT- O0ET- OCI- OTT- O00T- 06- 08- 0s- 09- 0S- 0t~ 0€- 0¢- 0T- 0] 0¢ 0€
| L | L | L | L | L | L | L | L | L | L | L | L | L | | | | | | | L | L | L |
»
—
—
wn
q9 HO
€
9NIS m/O_._
_\f_ 3110
N N
w w EI
W =
= O



(wdd) 14

06- 08- 0s- 09- 0S- 0t 0€- 0c¢- oT- 0 0T 0¢ 0€ ov 0s 09 0L 08 06
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
o
«
—
(2]
|
a9 HO
€
9NIS g “OH
3110
9N

S6'8¢




LE0~_
o
S6°¢€ —
99/ —
€Ll —
@
= E
(7] [@)
S (5]
8%
I
m-O

HO.

124

[]

—

- 0€6
2\99'p

= CP'E
ALT6T

80°T
00T
= ¢0'S
= 08%

S121

4.0

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

1.0



90

9’59 —

66511
90°/1T %
CT'6TT —
sz'0z1 /-
R f
G/'97T

S8'PST —

0v'S9T —

SiMe;

oTf

HO.

6¢c

OH

|

-

S122

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

S123

86'CL-
a8'esL-

110

falNIS

29 HO

SINO

OH



(wdd) 14

¢9'8¢

SINO

06- 08- 0/- 09- 0S- 0b- 0¢- 0c¢- 0T- 0 0T 0¢ 0¢ ov 0Ss 09 0L 08 06
| | | | | | | | | ! | | | | | | | | | ! | !
<
N
—
(9p]
|
29 _._n_v
310 =R OH
falNIS



0~
0S50
98/
bOT?:t
ce’8
€e'8
[4 4
ZV8;7
o
=
o (7]

3

HO.

6d

OH

[/

186 |

™/0°£0T

= €60 |

= 00T

STET |
L ocer I

S125

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



00—

18°€TT
176'9u§
00°L11
61021

ge'cer /-

LLLET~
99°THT ~_
9T'EPT

PECeT —

oTf

3

SiMe;

HO.

6d

OH

S126

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00Z- 061- 08T- 0/T- 09T- O0ST- OvI- O0€I- O¢I- OTT- 00T- 06~ 08- 0/~ 09- 0S- Ob- 0€- 0Z- OI- ) 0T o€
| L | L | L | L | L | L | L | L | L | L | L | L | | | | | | | | L | L | L |

N~

N

—

(2]

. pg HO
9NIS m_/o_._

\f 3110

19'TL-
W1L-

19



(wdd) 14

06- 08- 0z- 09- 0S- ob- o€- 0¢- 01- 0 o1 0T o€ oy 0S 09 0L 08 06
| | | | | | | | | L | | | | | | | | | L | L
[oe]
N
—
(2]
|
. pg HO
9NIS m_/O_._
3110
19

e8¢



(wdd) 14
0T ST 0¢ S'¢ 0€ S'€ 0y Sv 0'Ss S'S 09 59 0z S/ 08 S8

06

S'6

00T

=/°0¢

S129

=

9'0

W8~
b8



6C'0

Z8°9TT —
10°0CT —
6T°€CT —

LSPET —

18'SPT —

6G9'83T —

oTf

3

SiMe;

HO.

6e

OH

Al

A

S130

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S131

>

ceesL-
8¢'¢L-

ag HO
¢ |
aNIS a.

j10
fapis

OH



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14
0

0T

0¢

0€

0)4

0s

09

(074

18'8¢

08 06
| ! |
(qV)
o
—
(9p]
89 HO
CaNIS =
j10
fapis

OH



0

o
2 Ll
= g
n (o]
7 Ny
-m -
o &
I

A

ATT
b6

=110
=I1'T

Foo'T

S133

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



99'T- —

TYETT
T8'9TT ~_
00°02T ~
8T'€CT —
99'veT

90°bST ~
8T1°9ST —

L8E€9T —

S134

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



(wdd) 14

00c- 06T- O08T- O0/T- 091- O0ST- ObT- O0E€T- O0¢T- OTT- O00T- 06- 08- 0/- 09- 0S- 0b- o¢- 0c¢- 0T- (0]! 0¢ 0¢
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | | ! | | ! |
Lo
o
—
(9p]
310 19
_
faniS m\o_._
[}
HO

96°¢L-



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14
0

0T

0¢

0€

0)4

0s

09

(074

08

59'8¢

110

faniS

S136

.OH



566 — £9'6
<
15°€
15°€
. +G1°¢C
4K B ﬁ .
€q'¢e — — iﬂg
€€ ]
18°€
z8'S
z8'S
€8'S
98'S - -——— 1860
98'97-
98'S
799
Sl
10'3\ - 250'T
zoz\ I\{)O'I
0L ~ —== 70071
G0, ]
90°L
80°L
&
= E
n (o]
[}]
=
o
S
Q, 5137
(@}
[}
=

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5



89°0 —

0¢'8€ —

SG'1S —
95°GS —

86°60T

9I'€II\
SI'EII\
9L ETT L
S6°9TT —
60°6TT -7
y1°0CT f
bL'ZZI/
eereda

0T ¢vT —
TLSPT —

89bST —

99°G9T ~_
75991

SiMe3
oTf

OMe

7a
=

MeO,C

S138

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S139

08'¢s-

110

fanis

9NO

el

O%08IN



€€°0— _J
__J
D
€8'€ — — -
3
56'9 ~ -
L0'L— -
by
= E
(7] O
[
=
28!

7b
KF,B

=GT°0T

= 9T'¢

= 180
=007

S140

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5

1.0



60°'T —

ST°96 —

Yo'll —

I18°€TT
¢8°ETT
L8PIT
06°STT
¢6°STT
€6'STT
S6°STT
L6°STT
0T°Z1T
¥0°'8TT
[4av4:
ov' vt

T¥'SST —

LL7S9T —

SiMe;

oTf

7b

KF,B

l\

—

S141

-10

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

230



(wdd) 14

00c- 06T- 08T- O0/T- 091- O0ST- ObT- O0E€T- 0O¢T- OTT- O00T- 06- 08- 0/- 09- 0S- 0b- o¢- 0c¢- 0T- (0] 0¢ o€
| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | | | | | | | ! | ! | ! |
(9V}
<t
—
(9p]
V'
|
|
310 a4
% 3 “omis a
C 3 N0
ul N
v



06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

oT-

(wdd) 14

8T~
6.7

S143

110

fapnis

9O

a4

q.



8C°0 —

0L~
02'L
T
e/
bT'L A
SC'LA
9z,
o€,
e,
pe'/ &
6L F
b/
Sh'/
lb'L
55/
55/
95/ 4
85/ |
65
162
26°L
b6,

oTf

Br

7c

SiMe;

Ph Ph

R

S -5

N ==
\ _ —_—

_— — —=

\‘ —_—
\ —_

\ —_—

ST

660
K 10'T

=860

TTe
06'T
€6'T
v6'1
96°0
26T

S144

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5



€0

€L bh ~_
'Sy~

6G°ETT
LLOTT
S6'6TT
ereaa
69°9¢T
€Lt
10°8¢T
¥9°8¢1
89'8¢T
TCEET
6L bET L
€6'9€T -1
€L7LET f
18'¢rT {
9T’ EVT

LEEST —

28°L6T —

Br

7c

SiMes

Ph Ph

S145

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

0971-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

S146

€97¢L-

fais

110

149

ud ud

2L



[4%]

SiMe3

oTf

7d

SiMe;

Ph Ph

J

—_—==

=16'8

HOO'T

S147

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



S0°0-—

Wb ~_
50'Sy <

9LETT
19911
S6°9TT

€roct
[4%X4!
86°9CT

12121 \
10°82T
69'871
sgge1 /.
9c"eeT /[
L6bET
02'SET
12°9€T
bb /€T
8b°ThT
bSSbT
ST /T

cCL6T —

SiMe;

oTf

7d

siMes

Ph Ph

S148

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

S149

9/L'TL-

fapis

110
fais

ud ud

PL



P00 —

9'Cc—

0b'Z
Th'/
T/ -
WL
€0/ -
€'/ -
bbL
bb'L
Sh/
ShL
Wi
Wi
€5/
€5/
(S
8/ 1
85/ 4
65,
09°/ 4
09/ 1
09°Z

oTf —

SiMe3

Me
Te

Br

iy

J

=46'8

=00'€

0°¢
0T
??6@
/6'T

S150

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



80°0 —

VLT
SP'/LT :>_

G8'ETT
€0°LTT
1ot
91°¢cT
6€°ECT
18'8¢T

178'121\
86'TET

e

81°Z€T &
b6ZET f
8'SET /¢
89'8€T /

T£'6€ET
£9°0ST —

oTf

SiMe3

Me

Te

Br

S151

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

0TT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S152

0c'es-

fais

110



0

6€°L 1
0t'L
v+
o'
v/ A
'L
£b'L A
£bL

£/
S/
S/
'L
Lyl
Lyl
Lv'L
8y°/
6L
6L
6L
15,
'L
AWAe
€q'/
€57/
bS/ -
bG'/ -
59/
59/ |
68/

981J

Br

OoTf

SiMe;

7f

ol

A
== ‘{E"'Z
6'T

=468

60

0T
60

S153

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



. E
£L0°0 =3
£
I8°ETT i
RA ]
TOLTT -
0C°0CT ~ -
6£°€CT — -
€T LTT — _ — H
LE8CT
c0'6et Iy ,
CCPET _§
€8°LET -——s
8E'8ET / B
X4t
20'8171/
g
%
= 2 :
o (7]
%L
i s154

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

9L

fapis

3110

L

19

S155



LE0—

-—6£'6

=80T

=00'T

S156

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



vLOT-—

00°¢6 —

€9°ETT —
78911 —
10°02T
ozeer
12821 —

9" ST
[4R 21! 7
¥0°09T -

S157

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S158

a9'esL-

6,
310 N

L
Sois” NN



LE0—

vec—

94’9
LL°9
989
98'9

oTf

— ~
— —_—
. —

= =

=0T'6

H0'€

HOT'Y

=1y

10T
5001

S159

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



L0°0—

VASA!
89°/LT :>_

L06F —

¥/°99 —

E8'ETT

10°£1T \.
68'611%
8T1°0¢T —
L9'021f
ocTecT

S6'TET —
60°SET —

60'vPT —
¢0°0ST —

oTf

S160

-10

220 210 200 190 180 170 160 150 140 130 120f %10 )100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0c¢t-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t

0¢-

0¢-

S161

[4R YAy

fapis

110

Yy

SN



F61°6

6€°0 —
LT'E—
98¢ —
6’9 —
ITL—

&

e =2

o 7]

S

J

HO'T
- Ho0'T

S162

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

1.0



900 —

68y —

5999 —

oTf
SiMe;

J.L

S163

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



00¢-

06T-

08T-

0/T-

09T-

0ST-

obT-

0€T-

0ct-

OTT-

00T-

(wdd) 14

06-

08-

0s-

09-

0S-

0t-

0¢-

0¢-

S164

18'T/-



