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General methods and materials

Reactions were monitored by TLC analysis which was performed on aluminum plates
pre-coated with silica gel (MERCK, 60 F-254), and visualized by UV fluorescence
(Amax = 254 nm) and/or by staining with 1% w/v KMnOy in 0.5 M aqueous K,COs.
Products were purified by flash column chromatography which was performed using

MACHEREY-NAGEL silica gel 60® (230-400 mesh).

NMR (Nuclear Magnetic Resonance) spectra were acquired on a VARIAN Mercury
(300 MHz) or on a BRUKER Avance 400 spectrometer or on a Bruker 500 DRX
NMR spectrometer. Chemical shifts for *H NMR spectra are reported in ppm and
internally referenced to tetramethylsilane signal or residual protio solvent signals.
Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, br = broad), coupling constants (Hz) and integration.
Chemical shifts for *C NMR spectra are reported in ppm from the tetramethylsilane

with the solvent resonance as internal standard and with complete proton decoupling.

HRMS (High Resolution Mass Spectra) was measured on a THERMO SCIENTIFIC
Advantage and a THERMO SCIENTIFIC Exactive instrument equipped with an

APCI source in the positive-ion mode.

Melting points for solids were measured on a BUCHI Dr. Tottoli melting point

apparatus and are given uncorrected.

Solvents: Toluene was freshly distilled over Sodium/Benzophenone and degassed
with argon prior to use. 1,2-Dichloroethane (DCE) was freshly distilled over CaH,
and collected under Argon. THF was freshly distilled over Na and collected under

Argon. DMF was purchased from Acros and used as received. Solvents employed for
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work-up and column chromatography were purified prior to use by evaporation on a

rotary evaporator.

Substrates: benzoxazole (1la) and 1-phenyl-1-propyne (2a) were purchased from
Sigma-Aldrich and used without further purification. Azoles (1b-1k) were
synthesized according to literatures.! 2-allylbenzoxazole (8b) was prepared based on

the literatures.?

Ligands and metal catalysts were purchased from Acros, Sigma-Aldrich, ABCR, Alfa

Aesar and were used as received.
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Optimization studies

Table S1. Screening of acids

Pd(OAc), (2.5 mol%)
RuPhos (5 mol%)

N Me toluene, 120 °C Ny Ph
@E > N\ /
o Ph KOACc (0.6 equiv) (0]

acid (x mol%)

3aa

1a 2a 24h Ph
0.2 mmol 4 equiv
entry? acid (x) yield/%
1 HOAC (10) 41
2 PhCOOH (10) 65 (72)
3 PhsCOOH (10) 54
4 HOPiv (10) 74
5 HOPiv (20) 74
6 HOPiv (60) 71

®Reaction conditions (unless otherwise specified): 1a (0.2 mmol), 2a (4 equiv.),
Pd(OACc); (2.5 mol%), RuPhos (5 mol%), KOAc (0.6 equiv), acid (10 mol%), toluene
(0.2 mL), 24 h, 120 °C. NMR vield was determined by *H-NMR spectroscopy using
1,3,5-trimethoxybenzene as an internal standard. Isolated yields are reported in
parentheses.

Table S2. Screening of ligands

Pd(OAc), (2.5 mol%)
Me ligand (5 mol%)

N N toluene, 120 °C
5+ N\, Ny
o Ph KOAC (0.6 equiv) @[ N

HOPiv (10 mol%) o \
0.2 mmol 4 :c?uiv B
entry?® ligand yield/%
1 XPhos 69
2 RuPhos 74
3 SPhos 64
4 PCys 14
5 PPh; 32
6 JohnPhos 17
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BrettPhos 0

8 dppe 0

dppp 10
10 dppb 15
11 dppf 21
12 DPEphos 24

®Reaction conditions (unless otherwise specified): 1a (0.2 mmol), 2a (4 equiv.),
Pd(OAc); (2.5 mol%), ligand (5 mol%), KOAc (0.6 equiv), HOPiv (10 mol%),
toluene (0.2 mL), 24 h, 120 °C. NMR vyield was determined by *H-NMR spectroscopy
using 1,3,5-trimethoxybenzene as an internal standard.

Table S3. Screening of Solvents

Pd(OAc), (2.5 mol%)
RuPhos (5 mol%)

N Me solvent, 120 °C N —Ph
C[ y TN\ %
o] N oh KOACc (0.6 equiv) (0]

HOPiv (10 mol%) 3aa )
1a 2a 24h ph
0.2 mmol 4 equiv
entry® solvent yield/%

1 toluene 74

2 DCE 0

3 DMSO 0

4 DMF 0
5 THF 47
6° toluene 70

®Reaction conditions (unless otherwise specified): 1a (0.2 mmol), 2a (4 equiv.),
Pd(OAc),; (2.5 mol%), RuPhos (5 mol%), KOAc (0.6 equiv), HOPiv (10 mol%),
solvent (0.2 mL), 24 h, 120 °C. NMR vyield was determined by *H-NMR spectroscopy
using 1,3,5-trimethoxybenzene as an internal standard. °3 equivalents of alkyne was
used.

Table S4. Screening of Pd sources

Ph
/
Pd source (2.5 mol%)
RuPhos (5 mol%)
C[N\> Me toluene, 120 °C ©:N\ yan
+
o \ KOAC (0.6 equiv) o \
Ph HOPiv (10 mol%) 3a2a
0.2 mmol 4 equiv 24h Ph
entry? Pd source Yield/%
1 PdCl, 68
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2 Pd(TFA), 58
3 Pd(dba), 51
4 Pd(OAC), 74
5P Pd(OAc), 77 (81)

®Reaction conditions (unless otherwise specified): 1a (0.2 mmol), 2a (4 equiv.), Pd
source (2.5 mol%), RuPhos (5 mol%), KOAc (0.6 equiv), HOPiv (10 mol%), toluene
(0.2 mL), 24 h, 120 °C. NMR vyield was determined by *H-NMR spectroscopy using
1,3,5-trimethoxybenzene as an internal standard. Isolated yields are reported in
parentheses. °1a (0.4 mmol), 2a (4 equiv.), Pd source (2.5 mol%), RuPhos (5 mol%),
KOACc (0.6 equiv), HOPiv (10 mol%), toluene (0.8 mL, 0.5M), 24 h, 120 °C.

Unsuccessful alkynes:

Pd(OAC), (2.5 mol%) R
RuPhos (5 mol%) /
KOACc (0.6 equiv)

©:N> HOPiv (10 mol%) N

N+ Alkyne ©[ S=—R R'
R=

(0] toluene, 120 °C o E /

1a 2 24 h

\©/ 13% \g\‘ 0%

N
/§ /\/ > (CHUCH, \©\F

0% 0% 0% 0%
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Experimental details and characterization data

Typical procedure for triallylation of azoles with alkyne

. AL
Pd(OAc), (2.5 mol%) Ph
RuPhos (5 mol%) /
M KOACc (0.6 equiv)
2~y -N € HOPiv (10 mol%) o N
R1—/|X\>+\ R1fX\R _ Ph
oo L R=
-0 Ph toluene, 120 °C e ~0 -5
1 2a 24 h
\
- PR

A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (2.2 mg, 0.01 mmol, 2.5 mol%), RuPhos (9.3 mg, 0.02 mmol,
5 mol%), KOAc (23.5 mg, 0.24 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(8.3 uL, 0.04 mmol, 10 mol%), azoles (0.4 mmol, 1.0 equiv), alkyne (1.6 mmol, 4.0
equiv) and 0.8 ml of freshly distilled toluene were added by syringe under a flow of
argon. The Schlenk tube was sealed by a screw cap and the resulting mixture was
stirred at 120 °C for 24 hours. The mixture was cooled down to room temperature.
After the solvents were removed under reduced pressure, the residue was purified
with column chromatography on silica gel afford the corresponding product after

drying in vacuo.
Gram scale reaction:

Pd(OAc); (2.5 mol%)
RuPhos (5 mol%) /
KOACc (0.6 equiv)

N Me HOPiv (10 mol%) N
SEREAN O [ ey
(o} Ph toluene, 120 °C o _g

1a 2a 24 h 3aa

A 10 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and

cooled to room temperature using a standard Schlenk line apparatus. The Schlenk
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tube was charged with Pd(OAc), (16.8 mg, 0.075 mmol, 2.5 mol%), RuPhos (70.0 mg,
0.15 mmol, 5 mol%), KOAc (176.6 mg, 1.8 mmol, 0.6 equiv). The Schlenk tube was
put on vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in
toluene) (62.5 uL, 0.3 mmol, 10 mol%), benzoxazole (1a) (357.7 mg, 3 mmol, 1.0
equiv), 1-phenyl-1-propyne (2a) (1.394 g, 12 mmol, 4.0 equiv) and 6 ml of freshly
distilled toluene were added by syringe under a flow of argon. The Schlenk tube was
sealed by a screw cap and the resulting mixture was stirred at 120 °C for 31 hours.
The mixture was cooled down to room temperature. After the solvents were removed
under reduced pressure, the residue was purified with column chromatography on
silica gel (toluene) afford the corresponding product (1.1416 g, 81% vyield) after

drying in vacuo.

Characterization for the allylated products 3

Ph
/
@EN\ / Ph
(6]
3aa \
Ph

Yellow foam, 152.4 mg, 81% yield. *H NMR (400 MHz, C¢Dsg) & 7.73-7.66 (m, 1H),
7.38 (d, J = 16.4 Hz, 1H), 7.25-7.17 (m, 5H), 7.15 (d, J = 3.5 Hz, 3H), 7.10-6.92 (m,
10H), 6.69 (d, J = 16.4 Hz, 1H), 6.35 (d, J = 16.0 Hz, 2H), 6.09-5.97 (m, 2H), 2.65 (d,
J = 7.2 Hz, 4H); ®C NMR (101 MHz, CgDg) & 162.6, 150.9, 149.5, 144.1, 143.1,
137.8, 134.1, 128.8, 128.7, 127.7, 127.4, 126.9, 126.5, 125.5, 125.1, 124.6, 120.5,
116.7, 110.5, 48.4, 41.3; HR-MS (Cs4HsON; [M+H]", pos. ESI): calcd: 468.2322,
found: 468.2323.
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Ph
/
@EN\ / Ph
(0]
3ba \
Ph

Yellow foam, 134.3 mg, 70% vyield. 'H NMR (500 MHz, CgDg) 6 7.38 (d, J = 16.5 Hz,
1H), 7.23-7.19 (m, 2H), 7.19-7.16 (m, 6H), 7.04-7.09 (m, 6H), 7.02-6.98 (m, 2H),
6.95 (t, J = 8.0 Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.69 (d, J = 16.5 Hz, 1H), 6.35 (d, J
= 16.0 Hz, 2H), 6.07-5.98 (m, 2H), 2.66 (dd, J = 7.0, 1.0 Hz, 4H), 2.59 (s, 3H); °C
NMR (126 MHz, Cg¢Dg) 6 161.8, 150.6, 148.9, 144.2, 142.2, 137.8, 134.1, 130.9,
128.8, 128.5, 127.7, 127.4, 126.9, 126.5, 125.5, 125.1, 125.0, 116.8, 107.8, 48.3, 41.3,
16.5; HR-MS (C3sH3,0N; [M+H]", pos. ESI): calcd: 482.2478, found: 482.2476.

Yellow oil, 58.3 mg, 30% vyield. "H NMR (500 MHz, CDCl3) & 7.62 (dd, J = 9.0, 5.0
Hz, 1H), 7.47-7.36 (m, 4H), 7.32-7.27 (m, 9H), 7.26 (s, 1H), 7.23-7.18 (m, 3H), 7.10
-7.04 (m, 1H), 6.58 (d, J = 16.5 Hz, 1H), 6.47 (d, J = 15.5 Hz, 2H), 6.09-5.97 (m, 2H),
2.91 (d, J = 6.5 Hz, 4H); **C NMR (126 MHz, CDCls) & 163.1 (d, J = 3.5 Hz), 160.8
(d, J = 244.7 Hz) 150.4 (d, J = 14.7 Hz), 149.8, 143.5, 138.4 (d, J = 1.6 Hz), 137.4,
133.8, 128.65, 128.60, 127.4, 127.3, 126.9, 126.2, 125.4, 120.2 (d, J = 10.1 Hz), 115.9,
112.4 (d, J = 24.6 Hz), 98.6 (d, J = 28.2 Hz), 48.4, 41.1; *°F NMR (471 MHz, CDCl5)
§ -115.01 (m, 1F); HR-MS (C34H2s0ONF; [M+H]", pos. ESI): calcd: 486.2228, found:
486.2228.
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Yellow oil, 145.2 mg, 75% yield. *H NMR (400 MHz, C¢Ds) 8 7.61 (d, J = 8.4 Hz,
1H), 7.38 (d, J = 16.4 Hz, 1H), 7.24-7.15 (m, 7H), 7.11-7.01 (m, 6H), 7.01-6.96 (m,
3H), 6.83 (dd, J = 8.0, 0.8 Hz, 1H), 6.70 (d, J = 16.4 Hz, 1H), 6.35 (d, J = 15.8 Hz,
2H), 6.08-5.94 (m, 2H), 2.65 (d, J = 7.2 Hz, 4H), 2.09 (s, 3H): °C NMR (101 MHz,
CsDs) 6 162.2, 151.3, 148.8, 144.2, 141.0, 137.9, 135.4, 134.1, 128.8, 128.7, 127.7,
127.4, 126.9, 126.5, 125.9, 125.6, 119.9, 116.9, 110.7, 48.2, 41.4, 21.5; HR-MS
(C3sH320N; [M+H]", pos. ESI): calcd: 482.2478, found: 482.2477.

Ph
/
\@[ N\ / Ph
(0]
3ea \
Ph

Yellow solid, 133.0 mg, 69% vyield, m.p.= 126-128 °C.*H NMR (400 MHz, CDCls) &
7.53 (s, 1H), 7.46-7.38 (m, 5H), 7.35-7.28 (m, 10H), 7.27-7.21 (m, 2H), 7.16 (dd, J =
8.4, 0.8 Hz, 1H), 6.64 (d, J = 16.4 Hz, 1H), 6.51 (d, J = 16.0 Hz, 2H), 6.14-6.02 (m,
2H), 2.95 (d, J = 7.2 Hz, 4H), 2.51 (s, 3H); **C NMR (101 MHz, CDCls) & 162.6,
149.3, 148.7, 143.7, 142.3, 137.5, 134.3, 133.7, 128.6, 128.58, 127.5, 127.3, 126.9,
126.3, 126.2, 125.6, 119.9, 116.3, 109.8, 48.4, 41.2, 21.5; HR-MS (CssH3,0N;
[M+H]", pos. ESI): calcd: 482.2478, found: 482.2477.

P
White solid, 184.6 mg, 88% yield, m.p.= 134-136 °C. *H NMR (400 MHz, C¢Ds) 3
7.88 (d, J = 1.6 Hz, 1H), 7.40 (d, J = 16.4 Hz, 1H), 7.24-7.17 (m, 7H), 7.15-7.11 (m,
3H), 7.09-7.04 (m, 5H), 7.03-6.97 (m, 2H), 6.74 (d, J = 16.4 Hz, 1H), 6.36 (d, J =
15.6 Hz, 2H), 6.09-5.98 (m, 2H), 2.66 (d, J = 7.2 Hz, 4H), 1.21 (s, 9H); °C NMR
(101 MHz, C¢Dg) 5 162.8, 149.04, 149.0, 144.2, 143.2, 137.9, 134.1, 128.8, 128.7,
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127.7, 127.4, 126.9, 126.5, 125.6, 123.0, 117.2, 116.9, 109.7, 48.4, 41.4, 34.8, 31.8;
HR-MS (C3gH3sON; [M+H]", pos. ESI): calcd: 524.2948, found: 524.2947.

Ph
Yellow solid, 119.2 mg, 60% yield, m.p.= 140-142 °C. 'H NMR (400 MHz, C¢Dg) 6
7.45-7.44 (m, 1H), 7.42 (d, J = 16.4 Hz, 1H), 7.23-7.20 (m, 2H), 7.19-7.16 (m, 4H),
7.14-7.13 (m, 1H), 7.10-6.97 (m, 8H), 6.72 (d, J = 16.4 Hz, 1H), 6.64 (dt, J = 1.6, 0.8
Hz, 1H), 6.35 (d, J = 15.6 Hz, 2H), 6.03 (dt, J = 15.6, 7.2 Hz, 2H), 2.70-2.59 (m, 4H),
2.21 (s, 3H), 2.16 (s, 3H); °C NMR (101 MHz, C¢Dg) 5 162.5, 148.7, 148.4, 144.2,
143.0, 137.9, 134.2, 134.1, 128.82, 128.75, 127.7, 127.6, 127.4, 126.9, 126.5, 125.6,
120.2, 118.0, 117.0, 48.4, 41.2, 21.4, 15.1; HR-MS (C3sH340ON; [M+H]", pos. ESI):
calcd: 496.2635, found: 496.2639.

Ph
Vi
Meo\@[N\ / Ph
o
3ha \
Ph

Yellow solid, 267.2 mg, 95% yield, m.p.= 136-138 °C. *H NMR (400 MHz, C¢Ds) &
7.38 (d, J = 16.4 Hz, 1H), 7.25-7.16 (m, 8H), 7.10-6.96 (m, 9H), 6.79 (dd, J = 8.8, 2.8
Hz, 1H), 6.70 (d, J = 16.4 Hz, 1H), 6.36 (d, J = 15.6 Hz, 2H), 6.09-5.97 (m, 2H), 3.27
(s, 3H), 2.66 (d, J = 7.2 Hz, 4H); *C NMR (101 MHz, Cg¢Ds) & 163.4, 157.9, 149.0,
145.5, 145.2, 144.0, 137.9, 134.1, 128.8, 128.7, 127.4, 126.9, 126.5, 125.6, 116.9,
114.3, 110.7, 103.3, 55.3, 48.4, 41.4; HR-MS (CssH3,0,N; [M+H]*, pos. ESI): calcd:
498.2428, found: 498.2431.
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Ph
/
F\@[N\ / Ph
o
3ia \
Ph

Yellow oil, 73.5 mg, 38% vyield. *H NMR (500 MHz, C¢Dg) & 7.35 (d, J = 16.5 Hz,
1H), 7.33 (dd, J = 8.5, 2.5 Hz, 1H), 7.15 (m, 7H), 7.09-7.05 (m, 5H), 7.04-6.97 (m,
3H), 6.80 (dd, J = 9.0, 4.5 Hz, 1H), 6.63 (dt, J = 9.5, 3.0 Hz, 1H), 6.61 (d, J = 16.5 Hz,
1H), 6.35 (d, J = 16.0 Hz, 2H), 6.06-5.96 (m, 2H), 2.63 (d, J = 7.0 Hz, 4H); *C NMR
(126 MHz, C¢Ds) 5 164.3, 160.5 (d, J = 240.7 Hz), 150.2, 147.0 (d, J = 1.3 Hz), 143.9,
142.8 (d, J = 13.2 Hz), 137.7, 134.2, 128.83, 128.78, 127.6, 127.5, 127.0, 126.4, 125.3,
116.4, 112.6 (d, J = 26.3 Hz), 110.7 (d, J = 10.0 Hz), 106.7 (d, J = 25.5 Hz), 48.4,
41.3; F NMR (471 MHz, C¢Dg) & -177.86 (m, 1F); HR-MS (CasH2ONF; [M+H]",
pos. ESI): calcd: 486.2228, found: 486.2231.

Ph
Yellow foam, 125.8 mg, 58% yield. *H NMR (400 MHz, C¢Ds) & 8.05-7.96 (m, 1H),
7.48-7.40 (m, 3H), 7.28 (dd, J = 8.4, 1.6 Hz, 1H), 7.25-7.19 (m, 6H), 7.16-7.14 (m,
5H), 7.13-7.10 (m, 1H), 7.09-7.05 (m, 5H), 7.02-6.98 (m, 2H), 6.73 (d, J = 16.4 Hz,
1H), 6.37 (d, J = 16.0 Hz, 2H), 6.10-5.98 (m, 2H), 2.68 (d, J = 7.2 Hz, 4H); **C NMR
(101 MHz, CgDg) 6 163.2, 150.4, 150.0, 144.1, 143.8, 141.5, 138.7, 137.8, 134.2,
129.0, 128.8, 128.8, 128.5, 127.7, 127.5, 127.3, 127.0, 126.5, 125.5, 124.9, 119.1,
116.7, 110.5, 48.5, 41.4; HR-MS (CaHasON; [M+H]", pos. ESI): calcd: 544.2635,
found: 544.2637.

S12



EtO,C
N Ph
\‘\‘: | /
(0]

3ka \
Ph

Yellow oil, 142.9 mg, 58% vyield. *"H NMR (500 MHz, CDCl3) & 8.19-8.10 (m, 2H),
7.94 (s, 1H), 7.71-7.68 (m, 2H), 7.63-7.51 (m, 2H), 7.49-7.38 (m, 4H), 7.38-7.33 (m,
1H), 7.33-7.25 (m, 9H), 7.25-7.18 (m, 2H), 6.65 (d, J = 16.5 Hz, 1H), 6.49 (d, J =
16.0 Hz, 2H), 6.12-5.99 (m, 2H), 4.43 (q, J = 7.0 Hz, 2H), 2.94 (d, J = 7.0 Hz, 4H),
1.44 (t, J = 7.0 Hz, 3H); *C NMR (126 MHz, CDCls) & 166.5, 163.3, 150.5, 150.2,
145.4, 143.5, 142.9, 137.4, 137.2, 133.8, 130.2, 129.3, 128.6, 128.59, 127.4, 127.34,
127.33,126.9, 126.2, 125.4, 124.8, 118.6, 116.0, 110.7, 61.1, 48.5, 41.1, 14.4; HR-MS
(C43H3503N; [M+H]", pos. ESI): calcd: 616.2846, found: 616.2840.

OHC ‘
N Ph
\ )
(0]

3la \

Ph

Yellow oil, 115.3 mg, 50% vyield. '"H NMR (400 MHz, CDCls) & 10.08 (s, 1H),
7.99-7.94 (m, 3H), 7.79 (d, J = 8.4 Hz, 2H), 7.62-7.54 (m, 2H), 7.46-7.38 (m, 4H),
7.35 (d, J = 16.4 Hz, 1H), 7.33-7.26 (m, 9H), 7.23-7.18 (m, 2H), 6.64 (d, J = 16.4 Hz,
1H), 6.48 (d, J = 15.8 Hz, 2H), 6.11-5.98 (m, 2H), 2.93 (d, J = 7.2 Hz, 4H); *C NMR
(101 MHz, CDCls) & 191.9, 163.5, 150.7, 150.5, 147.1, 143.5, 143.0, 137.5, 136.9,
135.3, 133.8, 130.4, 128.7, 128.6, 128.1, 127.5, 127.4, 127.0, 126.2, 125.4, 124.9,
118.8, 116.1, 110.8, 48.6, 41.2; HR-MS (C4H340:N; [M+H]", pos. ESI): calcd:
572.2584, found: 572.2586.
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Ph

Yellow oil, 159.3 mg, 81% yield. "H NMR (400 MHz, Acetone) & 8.11-8.01 (m, 2H),
7.62-7.49 (m, 5H), 7.43-7.39 (m, 2H), 7.35-7.22 (m, 10H), 7.19-7.15 (m, 2H), 6.70 (d,
J=16.4 Hz, 1H), 6.55 (d, J = 16.0 Hz, 2H), 6.26-6.12 (m, 2H), 3.03 (dd, J = 7.2, 0.8
Hz, 4H); ¥C NMR (101 MHz, Acetone) o 164.7, 164.6, 150.0, 144.8, 138.5, 134.4,
132.5, 130.1, 129.4, 128.4, 128.0, 127.6, 127.5, 126.9, 126.5, 125.1, 113.1, 49.4, 41.7;
HR-MS (C3sH31:0Ny; [M+H]", pos. ESI): calcd: 495.2431, found: 495.2432.

Yellow oil, 162.5 mg, 79% yield. *"H NMR (500 MHz, CsDs) & 7.70-7.59 (m, 2H),
7.25-7.16 (m, 8H), 7.13-7.06(m, 6H), 7.04-6.98 (m, 2H), 6.61-6.59 (m, 3H), 6.38 (d, J
= 16.0 Hz, 2H), 6.08-5.94 (m, 2H), 2.73-2.59 (m, 4H); *C NMR (126 MHz, C¢Ds) &
164.7 (d, J = 252.4 Hz), 163.9, 163.3, 148.6, 143.7, 137.7, 134.3, 129.3 (d, J = 8.8
Hz), 128.9, 128.5, 127.64, 127.58, 127.1, 126.5, 125.2, 120.8 (d, J = 3.3 Hz), 116.2 (d,
J = 22.2 Hz), 112.7, 48.4, 41.2; ®F NMR (471 MHz, Ce¢Dg) & -107.67 (m, 1F);
HR-MS (C3sH300N,F; [M+H]", pos. ESI): calcd: 513.2337, found: 513.2335.

FaC
Yellow oil, 209.6 mg, 93% yield. "H NMR (500 MHz, CDCls) & 8.18 (d, J = 8.5 Hz,
2H), 7.76 (d, J = 8.5 Hz, 2H), 7.49-7.39 (m, 4H), 7.36-7.31 (m, 1H), 7.31-7.28 (m,
7H), 7.28-7.16 (m, 4H), 6.68 (d, J = 16.5 Hz, 1H), 6.49 (d, J = 16.0 Hz, 2H),
6.10-5.95 (m, 2H), 2.93 (d, J = 7.0 Hz, 4H); **C NMR (126 MHz, CDCl;) 5 164.4,

S14



163.0, 150.1, 143.1, 137.3, 134.0, 133.6 (q, J = 32.9 Hz), 128.7, 128.6, 127.4, 127.39,
127.3, 127.1, 126.2, 126.1 (q, J = 3.9 Hz), 125.0, 123.6 (g, J = 273.2 Hz), 48.5, 14.0;
YF NMR (471 MHz, CDCl3) & -63.05 (s, 3F); HR-MS (CssH300N,F3; [M+H]", pos.
ESI): calcd: 563.2305, found: 563.2302.

Yellow foam, 108 mg, 51% vyield. 'H NMR (400 MHz, CDCl3) 6 8.04-7.96 (m, 2H),
7.45-7.39 (m, 4H), 7.35-7.26 (m, 9H), 7.25-7.18 (m, 2H), 7.12 (d, J = 16.4 Hz, 1H),
7.03-6.95 (m, 2H), 6.65 (d, J = 16.4 Hz, 1H), 6.48 (d, J = 16.0 Hz, 2H), 6.09-5.96 (m,
2H), 3.88 (s, 3H), 2.92 (d, J = 7.2 Hz, 4H); *C NMR (101 MHz, C¢Dg) & 164.1, 163.5,
162.4, 148.6, 143.4, 137.4, 133.9, 128.8, 128.7, 128.6, 127.4, 127.3, 127.0, 126.2,
125.2, 116.5, 114.5, 112.4, 55.5, 48.4, 41.0; HR-MS (C3sH330:Ny; [M+H]*, pos. ESI):
calcd: 525.2537, found: 525.2535.

White solid, 144.7 mg, 66% yield, m.p.= 120-122 °C. 'H NMR (500 MHz, CgDg) 6
7.99-7.89 (m, 2H), 7.22-7.16 (m, 7H), 7.15-7.14 (m, 5H), 7.10-7.07 (m, 4H),
7.03-6.97 (m, 2H), 6.60 (d, J = 16.5 Hz, 1H), 6.37 (d, J = 15.5 Hz, 2H), 6.06-5.93 (m,
2H), 2.62 (d, J = 7.0 Hz, 3H), 1.10 (s, 7H); **C NMR (101 MHz, C¢Ds) 5 164.3, 163.8,
154.8, 148.3, 143.8, 137.8, 134.3, 128.85, 128.81, 127.7, 127.5, 127.07, 127.05, 126.5,
126.1, 125.3, 122.1, 112.9, 48.3, 41.2, 34.8, 31.0; HR-MS (C3sH300ONy; [M+H]", pos.
ESI): calcd: 551.3057, found: 551.3058.
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White foam, 133.6 mg, 66% yield. 'H NMR (400 MHz, CgDg) & 7.99 (d, J = 8.4 Hz,
2H), 7.34-7.29 (m, 7H), 7.28-7.26 (m, 2H), 7.22-7.16 (m, 5H), 7.14-7.09 (m, 2H),
6.95 (d, J = 8.2 Hz, 2H), 6.73 (d, J = 16.8 Hz, 1H), 6.49 (d, J = 15.6 Hz, 2H),
6.18-6.06 (m, 2H), 2.76 (d, J = 7.2 Hz, 4H), 2.07 (s, 3H); *C NMR (101 MHz, C¢Dg)
0 164.4, 163.8, 148.3, 143.9, 141.7, 137.8, 134.3, 129.8, 128.8, 128.5, 127.7, 127.5,
127.1, 127.05, 126.5, 125.4, 122.1, 112.9, 48.4, 41.2, 21.3; HR-MS (C3H330Ny;
[M+H]", pos. ESI): calcd: 509.2587, found: 509.2588.

Ph
Vi
N’N / Ph
l\
(0]
Ph

Yellow oil, 151.8 mg, 75% yield. *"H NMR (400 MHz, CsDs) & 7.80-7.70 (m, 2H),
7.18-7.10 (m, 9H), 7.06-7.00 (m, 5H), 6.98-6.94 (m, 2H), 6.94 (t, J = 7.6 Hz, 1H),
6.83 (d, J = 7.6 Hz, 1H), 6.58 (d, J = 16.6 Hz, 1H), 6.32 (d, J = 15.6 Hz, 2H),
6.04-5.90 (m, 2H), 2.60 (d, J = 7.2 Hz, 4H), 1.90 (s, 3H); **C NMR (101 MHz, C¢Ds)
8 164.4, 163.9, 148.4, 143.8, 138.8, 137.8, 134.3, 132.2, 129.0, 128.8, 128.5, 127.69,
127.67, 127.1, 1265, 125.4, 1247, 1244, 112.9, 48.4, 41.2, 21.0; HR-MS
(C36H330N,; [M+H]", pos. ESI): calcd: 509.2587, found: 509.2584.

Synthesis of 2-cinnamybenzoxazole (8a)

Ph N
Ph\_\_ HCl(gas) \=\—<OM . 2-aminophenol ©: \>_\_\
= — “ HCl 0O =
MeOH, Et,0 EtOH, 80 °c

over 2 steps
33% yield

To a solution of (E)-4-phenylbut-3-enenitrile (1.4 g, 10 mmol) and methanol (0.64 g,
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20 mmol) in ethyl ether (50 mL), dry HCI gas was introduced for 18 h at room
temperature. The resulting light brown solid was filtrate and dried under the high
vacuum. A mixture of the solid and 2-aminophenol (1.4 g, 13 mmol) in ethanol (20
mL) was heated at 80 °C for 2d. The mixture was concentrated and the residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 1/1)
to afford 8a in 33% vyield (780 mg) as a colorless oil. *H NMR (400 MHz, CDCls) &
7.74-7.65 (m, 1H), 7.51-7.48 (m, 1H), 7.44-7.37 (m, 2H), 7.33-7.29 (m, 4H), 7.27-
7.18 (m, 1H), 6.66 (d, J = 16.0 Hz, 1H), 6.46 (dt, J = 16.0, 7.2 Hz, 1H), 3.88 (dd, J =
7.2, 1.6 Hz, 2H); *C NMR (101 MHz, CDCl3) & 165.1, 151.1, 141.5, 136.8, 134.1,
128.6, 127.8, 126.5, 124.8, 124.3, 122.1, 119.9, 110.5, 32.6; HR-MS (CysH14ON;
[M+H]", pos. ESI): calcd: 236.1070, found: 236.1067.

Derivatization of Allylated Benzoxazole 3aa

1 Synthesis of 7a

Pd/C (10 %)
H2 (1 atm)
THF/MeOH 1:2
rt, 43 h
84% yield

A solution of 3aa (50 mg, 0.107 mmol) in MeOH (2 mL) and THF (1 mL) was
hydrogenated on 10% Pd/C (5 mg, 10 mol %) under 1 atom of H, for 43 h. After
removal of catalyst, the solvent was removed and the residue was purified by column
chromatography on silica gel (cyclohexane/toluene = 1/1) to afford 7a in 84% yield
(42.7 mg) as a colorless oil. 'H NMR (400 MHz, CDCl3) & 7.67-7.58 (m, 1H),
7.45-7.38 (m, 1H), 7.29-7.19 (m, 10H), 7.18-7.11 (m, 3H), 7.08-7.05 (m, 4H),
2.55-2.50 (m, 6H), 2.28-2.17 (m, 2H), 1.73 (q, J = 8.0 Hz, 4H), 1.51-1.30 (m, 4H);
13C NMR (101 MHz, CDCls) 5 167.5, 150.9, 146.1, 142.3, 141.5, 128.4, 128.3, 126.5,
125.9, 125.8, 124.5, 124.1, 119.6, 110.3, 43.1, 36.4, 36.3, 34.9, 25.3, 23.6; HR-MS
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(CasH3s0N; [M+H]", pos. ESI): calcd: 474.2791, found: 474.2789.

2 Synthesis of 7b

Pd/C (10 %)
Hz (1 atm)

@: T EoAGt1h @E
98% yield

A solution of 3aa (47.6 mg, 0.102 mmol) in EtOAc (2 mL) was hydrogenated on 10%
Pd/C (4.7 mg, 10 mol %) under 1 atom of H, for 1 h. After removal of catalyst, the
solvent was removed and the residue was purified by column chromatography on
silica gel (cyclohexane/toluene = 1/1) to afford 7b in 98% vyield (47 mg) as a colorless
oil. ’H NMR (400 MHz, CDCl3) § 7.75-7.65 (m, 1H), 7.52-7.44 (m, 1H), 7.36-7.28 (m,
5H), 7.28-7.22 (m, 6H), 7.121-7.16 (m, 3H), 7.13-7.10 (m, 4H), 6.45 (d, J = 16.8 Hz,
1H), 2.59 (t, J = 7.6 Hz, 4H), 2.07-1.85 (m, 4H), 1.56-1.38 (m, 4H); *C NMR (101
MHz, CDCl3) 6 162.8, 150.6, 150.4, 144.5, 142.13, 142.1, 128.5, 128.4, 128.38, 127.3,
126.5, 125.9, 125.1, 1245, 119.9, 1155, 110.4, 48.0, 37.1, 36.4, 25.8; HR-MS
(C34H340N; [M+H]", pos. ESI): calcd: 472.2635, found: 472.2634.

rac-BINAP

Ph
y PhSiH;
‘BUOH, toluene
Cu(OAc),* HzO
N / Ph
N 94% yield
© \
3aa Ph

A solution of 3aa (46.8 mg, 0.10 mmol), Cu(OAc), H,O (2.0 mg, 0.01 mmol),
rac-BINAP (6.2 mg, 0.01 mmol), and t-BuOH (38 pL, 0.40 mmol) in toluene (1 mL)
was stirred at 0 <C for 15 min. PhSiH3 (49 uL, 0.40 mmol) was then added dropwise.
The mixture was stirred at 0 <C for 2 h, then at room temperature for 24 h. The
reaction was quenched carefully with silica gel (ca. 250 mg), and the resulting
suspension was concentrated in vacuo and the residue was purified by column
chromatography to give the reduced product 7c in 94% vyield (44 mg) as a colorless

oil. 'H NMR (400 MHz, CDCl3) & 7.69-7.61 (m, 1H), 7.50-7.44 (m, 2H), 7.44-7.37 (m,
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3H), 7.33-7.25 (m, 11H), 7.25-7.17 (m, 2H), 6.48 (d, J = 15.6 Hz, 2H), 6.15-6.02 (m,
2H), 2.95-2.68 (m, 6H), 2.50-2.37 (m, 2H); *C NMR (101 MHz, CDCls) & 167.2,
150.9, 144.9, 141.4, 137.6, 133.4, 128.6, 128.56, 127.2, 126.7, 126.4, 126.2, 125.9,
1245, 124.1, 119.6, 110.3, 44.6, 41.0, 35.3, 23.7; HR-MS (Ca4H3,0ON; [M+H]", pos.
ESI): calcd: 470.2478, found: 470.2480.

Ph
Y
Hoveyda-Grubbs I Ph
toluene, 80 °C N
N —<Ph \_/
N\ 85% yield g
(¢}
\ 7d
Ph

A 10-mL screw-top schlenk tube was charged with 3aa (233.8 mg, 0.5 mmol),

Hoveyda-Grubbs Il catalyst (15.7 mg, 5 mol %), and toluene (5 mL) at rt. Then, the
mixture was heated at 80 <C for 36 h. The reaction mixture was cooled to rt and
purified by column chromatography on silica gel (petroleum ether/dichloromethane =
1:1) to give 7d in 85% yield (136.4 mg) as colorless oil. *H NMR (400 MHz, CDCl3)
§ 7.65-7.62 (m, 1H), 7.45-7.42 (m, 1H), 7.41-7.31 (m, 4H), 7.31-7.27 (m, 3H),
7.27-7.23 (m, 1H), 6.10 (d, J = 16.0 Hz, 1H), 5.88-5.82 (m, 2H), 3.05-2.84 (m, 4H);
¥C NMR (101 MHz, CDCl3) 6 163.0, 151.6, 150.4, 146.0, 142.1, 129.2, 128.7, 127.4,
126.6, 125.0, 124.4, 119.8, 114.0, 110.3, 53.6, 44.4; HR-MS (C0H1sON; [M+H]", pos.
ESI): calcd: 288.1383, found: 288.1382.

N o  NeOHgy
A\
@[ THF, MeOH
o
; \ 92% yield
¢ Ph

Ph

To a solution of benzoxazole 7c¢ (47.2 mg, 0.1 mmol) in THF (1.0 mL) and MeOH
(2.0 mL) was added 2 M aqueous NaOH solution (1.0 mL) and the reaction was
heated at 70 <C for 18 h. After cooling to room temperature, the mixture was acidified
with 10% aqueous HCI solution (10 mL) and extracted with CH,CI, (3 x 10 mL). The
combined organic phases were dried (Na,SQ,), filtered, and concentrated in vacuo.

Purification of the residue by column chromatography (20:1—5:1 petroleum ether
519



JEtOAC) gave the amide 7e as a red oil (44.7 mg, 92%).*H NMR (400 MHz, CDCls) &
8.74 (s, 1H), 7.41 (d, J = 4.4 Hz, 4H), 7.33-7.26 (m, 9H), 7.24-7.15 (m, 3H),
7.10-7.06 (m, 1H), 7.01-6.94 (m, 1H), 6.82-6.71 (m, 2H), 6.46 (d, J = 16.0 Hz, 2H),
6.12-6.00 (m, 2H), 2.70 (qd, J = 14.8, 6.8 Hz, 4H), 2.25 (s, 4H); *C NMR (101 MHz,
CDCIs) 6 173.4, 148.7, 144.9, 137.4, 133.4, 128.8, 128.7, 128.6, 127.4, 127.2, 126.7,
126.5, 126.2, 125.9, 125.6, 122.0, 120.4, 119.9, 44.4, 41.1, 34.5, 32.0; HR-MS
(C34H330,NNa; [M+Na]", pos. ESI): calcd: 510.2404, found: 510.2408.
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Experimental details for mechanistic studies

Study of Olefin Isomerization

To gain insights into the regioselectivity of the products, isomerization studies were
performed with 8a. Under the standard reaction conditions, 8a can isomerize to
8a‘¢ with the ratio of 1.7:1. However, in the absence of Pd(OAc), and Ruphos, only
lower isomerization was observed. Isomerization studies indicated that isomer 8a’

was mainly formed via a palladium-catalyzed process.
Table S5. Olefin isomerization Experiments®

Pd(OAc), (2.5 mol%)
RuPhos (5 mol%)
KOACc (0.6 equiv)

©:N HOPiv (10 mol%) @[N
A\ \ \
O>_\:\ toluene, 120 °C O>_\—\
Ph
8a

24 h Ph
8a’

entry variation from the condition above ratio of 8a to 8a°”
1 none 1.7:1
2 no KOAC 1.6:1
3 no HOPiv 1.8:1
4 no Pd(OAc),, RuPhos 12.5:1

®Reaction conditions (unless otherwise specified): 8a (0.1 mmol), Pd(OAc), (2.5
mol %), RuPhos (5 mol %), KOAc (0.6 equiv), HOPiv (10 mol %), toluene (0.2 mL),
24 h, 120 °C. "determined by *H-NMR spectroscopy of the crude mixture.

A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (0.6 mg, 2.5 umol, 2.5 mol%), RuPhos (2.3 mg, 5 umol,
5 mol%), KOAc (5.9 mg, 0.06 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(2.1 pL, 0.01 mmol, 10 mol%), 8a (0.1 mmol, 1.0 equiv) and 0.2 ml of freshly
distilled toluene were added by syringe under a flow of argon. The Schlenk tube was

sealed by a screw cap and the resulting mixture was stirred at 120 °C for 24 hours.

The mixture was cooled down to room temperature. After the solvents were removed
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under reduced pressure, the ratio of 8a/8a‘was determined by *H NMR of this

mixture.

The test of the reaction intermediates

The reaction of 8a with alkyne

Ar
/
©:N\ . Me\ standard conditions N\
0>_\:\Ph N Ph 89% yield @EO%R R= —§/ o
. - 3aa \
Ar

A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (0.6 mg, 2.5 umol, 2.5 mol%), RuPhos (2.3 mg, 5 umol,
5 mol%), KOAc (5.9 mg, 0.06 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(2.1 pL, 0.01 mmol, 10 mol%), 8a (23.5 mg, 0.1 mmol, 1.0 equiv), 2a (34.8 mg, 0.3
mmol, 3.0 equiv) and 0.2 ml of freshly distilled toluene were added by syringe under
a flow of argon. The Schlenk tube was sealed by a screw cap and the resulting mixture
was stirred at 120 °C for 24 hours. The mixture was cooled down to room temperature.
After the solvents were removed under reduced pressure, the crude mixture was
measured by *H NMR. Then, the residue was purified with column chromatography

on silica gel (toluene) afford 3aa (41.8 mg, 89% yield) after drying in vacuo.

N\ N\ Me standard conditions N
S + N\ >R
o o — Ph 91% yield o
Ph Ph 3aa
8a 8a' 2a
8a:8a'=1:1
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A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (0.6 mg, 2.5 umol, 2.5 mol%), RuPhos (2.3 mg, 5 umol,
5 mol%), KOAc (5.9 mg, 0.06 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(2.1 pL, 0.01 mmol, 10 mol%), a mixture of 8a and 8a’ in 1:1 (23.5 mg, 0.1 mmol,
1.0 equiv), 2a (34.8 mg, 0.3 mmol, 3.0 equiv) and 0.2 ml of freshly distilled toluene
were added by syringe under a flow of argon. The Schlenk tube was sealed by a screw
cap and the resulting mixture was stirred at 120 °C for 24 hours. The mixture was
cooled down to room temperature. After the solvents were removed under reduced
pressure, the crude mixture was measured by *H NMR. Then, the residue was purified
with column chromatography on silica gel (toluene) afford 3aa (42.6 mg, 91% yield)

after drying in vacuo.

N
@[ \>_\» Me S standard conditions N\ /
o — * \

Ph o \
8b 2a Not detected

A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (0.6 mg, 2.5 umol, 2.5 mol%), RuPhos (2.3 mg, 5 umol,
5 mol%), KOAc (5.9 mg, 0.06 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(2.1 pL, 0.01 mmol, 10 mol%), 8b (15.9 mg, 0.1 mmol, 1.0 equiv), 2a (46.5 mg, 0.4
mmol, 4.0 equiv) and 0.2 ml of freshly distilled toluene were added by syringe under
a flow of argon. The Schlenk tube was sealed by a screw cap and the resulting mixture
was stirred at 120 °C for 24 hours. The mixture was cooled down to room temperature.

After the solvents were removed under reduced pressure, the crude mixture was
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measured by *H NMR and no desired product could be detected.

Me

EtO,C standard conditions
‘\:\ + \ > EtOZC- R

Ph
Ph Not detected
8c 2a

A 2 ml Schlenk tube was flame-dried under vacuum, backfilled with argon and cooled
to room temperature using a standard Schlenk line apparatus. The Schlenk tube was
charged with Pd(OAc), (0.6 mg, 2.5 umol, 2.5 mol%), RuPhos (2.3 mg, 5 umol,
5 mol%), KOAc (5.9 mg, 0.06 mmol, 0.6 equiv). The Schlenk tube was put on
vacuum and backfilled with argon three times. Afterwards HOPiv (4.8 M in toluene)
(2.1 pL, 0.01 mmol, 10 mol%), 8c (19.0 mg, 0.1 mmol, 1.0 equiv), 2a (46.5 mg, 0.4
mmol, 4.0 equiv) and 0.2 ml of freshly distilled toluene were added by syringe under
a flow of argon. The Schlenk tube was sealed by a screw cap and the resulting mixture
was stirred at 120 °C for 24 hours. The mixture was cooled down to room temperature.
After the solvents were removed under reduced pressure, the crude mixture was

measured by *H NMR. No desired product could be detected.
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X-Ray crystal structures of 3fa

Experimental. Single colourless block-shaped crystals of (Breit JZ 169 0m_a)
were recrystallised from hexane by slow evaporation. A suitable crystal
(0.18>0.17>0.06) mm*> was selected and mounted on a MITIGEN holder in
perfluoroether oil on a Bruker SMART APEX2 area detector diffractometer. The
crystal was kept at T = 100 K during data collection. Using Olex2 (Dolomanov et al.,
2009), the structure was solved with the ShelXT (Sheldrick, 2015) structure solution
program, using the Intrinsic Phasing solution method. The model was refined with
version 2018/1 of ShelXL (Sheldrick, 2015) using Least Squares minimisation.
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Compound

CCDC
Formula

Deac/ g cm™
mm’™
Formula Weight
Colour

Shape
Size/mm?®

T/IK

Crystal System
Space Group
alA

b/A

c/A

o

p°

A
VIAS

Z

7
Wavelength/A
Radiation type
@min/c>

o
Measured Refl.

Breit JZ 169 0
m_a
1810746
CssH37NO
1.132

0.067
523.68
colourless
block
0.18>0.17>0.06
100
monoclinic
P21/C
15.211(11)
9.492(8)
22.154(15)
90
106.112(11)
90

3073(4)

4

1

0.710730
MoK,
1.393
27.008
45257

Independent Refl. 6659
Reflections Used 4841

Rint
Parameters
Restraints
Largest Peak
Deepest Hole
GooF

WR; (all data)
wWR,

R; (all data)
R1

0.0415
398
535
0.288
-0.230
1.017
0.1342
0.1223
0.0762
0.0520

S26



References

[1] (a) W. Xie, J. H. Yoon and S. Chang, J. Am. Chem. Soc., 2016, 138, 12605; (b) D.
Yu, L. Luand Q. Shen, Org. Lett., 2013, 15, 940; (c) Q. Liu, P. Wu, Y. Yang, Z.
Zeng, J. Liu, H. Yi and A.-W. Lei, Angew. Chem. Int. Ed., 2012, 51, 4666; (d) S.
H. Cho, J. Y. K. S. Y. Lee and S. Chang, Angew. Chem. Int. Ed., 2009, 48, 9127.

[2] F.Babudri, S. Florio and L. Ronzini, Tetrahedron, 1986, 42, 3905.

S27



Copies of NMR spectra

66

e

—N® 000
g AI';AAAO i Tt

e Ry
g‘—vmﬁorxm

3.0 25 2.0 1.5 1.0 0.5 0.0

35

5.0 4.5 4.0
1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

FRAY S o

obbi0%Y,
7899111
98t°0Z 1
18G VT
L¥1GZL
LG'SZH
09t°9Z11
£16'9Z11
Gev L)
61972211
W YNXAR
100°8Z 11
rAgATAR |
9€.'8Z 1
66,82}
12V PEL"
0zg8.€L”
€80 7Y~
Sy 61l

909°¢9l—

Ph

Ph

N/
3aa

Ph

60 40 20

T
100 90 80
1 (ppm)

T
110

T
120

T
180

T
200

T
210

S28



159°Z]
£99°Z]
599°Z|
566G
0109
1209
1709
950°9
GEE9]
L9€°9)
599
029
688'9]
¥06°9)}
2¢6'9
8v6'9)]
£96'9)
786°9)]
£66°9]
86691
200° L3
€102y
0°L]
650'L1

k20—

= ¥6L'E
ﬂwm.m

v0'e
00}
60°L
80}
or'e
ZTe'9

a‘.wo.N

1602
rAWE
el L]
0G4
061"
L9l
Ll
081" 2]
€022
1021
022 L1
09¢" 1
€6 .

Ph

66'G
JE.N
80°1L

0.0

05

4.0 3.5 3.0 25 20 1.5

4.5

5.0
1 (ppm)

5.5

10.5 100 95 2.0 8.5 8.0 7.5 7.0 6.5

1.0

SUUYCT

EVS9l—

LLC Vv
6eE' 8y~

§€8'201
852911
000'6Z
LEL'SZ)
0£5'GZ L
GG Oz L
616'9Z11
ver LT
089221
Z18'221

T—

161821
1£6'821]
261821
208'8Z
S06'0€ }H
9/0'¥EL1
118 2E L]
YAAALR
0S¥l
L6811
LZ9°0G1]

—

zz8'191’

40

T
100

.
110
1 (ppm)

T T T T
190 170 150 120

T
210

T
220

30

S29



1009
G109
¢€0'9
L¥09
19079
8519
689
9969
66499
1G0°L
9G0°L
0L0°L
¥.0°L

8807/
£60°L
061"
8617/
FAVAVR
912°L]
6Lc L1
e L
€ET L
092" 11
04211
Y XAVA
8¢ L
862" Ly
€0E" L
0LE LA

5.0 4.5 4.0 3.5 3.0 25 20 15 1.0 05 0.0
1 (ppm)

55

6.0

621 L¥—
cev8y—

9012

_‘mm.o\%
09e°LL

vw#.wmv

cPR%H0

8EGCLL
688°GlI
Nmr.om_‘v
cleoct

6.5

FA AL TAN

7.0

SLe L]
6.€°L
16€°2
LOV'L
LOv'L
609"/
619/
129/
1£9/

75

8.0

85

9.0

9.5

Glz'9z}
9¥6'921
ove L) ]
L2V 12
£09'8Z1
67982}
€9/°EE L
Eﬁ?;
L2SEVL
918'6¥L
L1866}
6527191

e —

60

70

80

100 90
1 (ppm)
S30

110

120

130

Ph
Ph
Ph
140

3ca
160 150

170

180




8E0°GLL-
220°SLL-
020°SLL-
8L0°GLL-
0L0°SLL-
200°GLL-
LOO'GLL-
066t~

8E0°GLL-
120°GLL-
020°'GLI-
8LO'GLL-
0LO'GLL-
L00°GLL-
LOO'SLL-
066t LL-

[}
I
T T T T
-115.0 -1151 -1152 -1153
1 (ppm)

T
-114.9

T
-114.8

T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -2

1 (ppm)

T
-90

-60

T
-40

-30

o
I
©
©

N~
<
=
N~

i

=.8'C

Felre

el
FE6'L

=001
=Ll

(4
%mm.m

€LL
Mzmc._‘
=601

00

0.5

1.0

15

20

25

3.0

35

40

4.5

50

55

6.0

6.5

7.0

75

8.0

85

9.0

1 (ppm)

S31



€25 12— R —
8eY L - [ ¥
0zt 8 g
Lg 9062~ E— = 0
Nexal _
-8 6962 — - F 6
GLLObL o
G/8'9LL
ZL6'6LL] 3
Z09'GZ 1
£88'GZl N
89y°'971| .8
906'9Z 1 1/ 1vo9
oLzl - ——1ls 6500
60L'LZ 1 i ) . 8109
09271 th 8609
L00°8ZL - — 911’9
rAgATAN | E— 1879 — F 66
ezL8eL | I — Rm.&r
¥6.°'821 = —F[* 2199+ - P86
mof%% SN e o mmm”m\ ) o
£y St | ) © ezl -~ i &
998'/€1 XN [ e e = o
220° L) ] 3 - pade) . - = | oe
Z81LvhL] z7>0 g A PP %
44 E BEC'L £ 5
008'8¥1 ]
hodd s 61€L N .
v1Z'1G1 g -~ H
9vz'Z9l’ mmw.m 29
=] :
ey L]
-8 925/

4.0 35 3.0 25 20 15 1.0 05 0.0

45
11 (ppm)

85 80 75 70 65 60 55 50
S32

9.0




LEG 12— S I ‘
Lg et $ -68'8
181 L~ N
L2t 8y —4 . |
g MMGNV - ) Whm.m-
. . Bt8E -
£829L, ® 6e0
il e PYEY ‘
1BL Y6t £8€°9)
L1G'GZH s L9 i
2229211 . 85L9]
mmm.omi #2 166'] .
¥98°9Z 11 i & 510
182121 ] b0 .
AR 4 [s 090
9/5'8Z1 I— £90°L] ‘
1658217 ) i L8 mmm.w
ﬂmwmg [ IR oy i == TesL|
667" LEL i e e £ £ .
162611/ T
L g 9G L Ly X
mowwwr‘ —— - N\M_‘\I_) ) m L
e 8LLL] =7 0
omrﬁ L
ea~Fng & pBLL I
£ C T _ _._..N.N; WL |
3 2 oezz]
27 s 08EZ] I
L2y L
e 9.8/ I
" 08gL

3.0 25 20 15 1.0 0.5 0.0

3.5

4.0

4.5
1 (ppm)

85 80 75 70 65 60 55 50
S33

9.0

1.5



¥GLLE—
108've”
€6E LY~
Zb7 687
676911
GLZ'LLL
19622
665621
691921
616921
IR rAR
UYARAR
092221
1008211
IAZATAR
0€2'8Z 11
161821

Oll it

JFF ‘ﬂl‘/

28°2€ 17
081 ¥y
L26LYIN TN
266871~

G18°col—

20

60

T T
110 100 90

T
120

T
200

T
210

f1 (ppm)

102
0792
699°Z
2997
6009
6709
Gee9
y1€°9
£79'9
579'9
8699
6€L°9
9669
0L0°2
¥10°L
1102
1902
902
950°/;
0902
LL0L
080°Z
$80°Z
1GLL
0942
€91,
99124
soLz|
08} 'L
8L L}
1022
20z LY
p0Z'L
2ee L
£0'L
Yoy L
vyl
6L
1GYL

Ph

Ph

J—— N

w x4
= = FvLe

35

4.0

4.5

50

5.5

6.0

6.5

7.0

75

8.0

8.5

f1 (ppm)

S34



90L°GL—
1210 Yo

EEC L —
(AR e

Z86°91L11
166°L 11 A
622 0211 )
709'GZ11 z”0
9.t'9Z1]

126'9Z 11
YATAR
09221
612,211
082211
SR TAR ;

918'8Z1{

mmwm._‘
981 'pELL
GO /€L~
Z96'2h L~
L6 bl
Svv 8l

0LL'8Fl

eIV 29—

30 20 10

40

140 130 120 110 100 90 80 70 60
f1 (ppm)

150

180 170

190

Ph

MeQO

F08'€

=1’

0.0 -0.5

0.5

90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

95

S35



ey Ly
SEV'8Y—
G8C GG\

£82°€01
€L9°0111
2LT YL
6,891
59561
ZLY'9ZL
6269211
9zy LTI
V2L LTI
192" 22

T ——

MeO

ko lowaa’
200821/
AT
BSN;
108821
GEL'VEL
868 /€L
986'CL1
8SL Pl
€15°GYL]
€20°61L
126°LGL
62y €9l

A

—

1 (ppm)

180 170 160 150 140 130 120 110 100

190

TCT o
L€9T]
886'S
5009
0209
€09
vEE9
99€'9
1659
0€9°9
S€9'9
289
1629
0089
6089
1869
1669
9669
000"/}
01021
S¥0°L]
090'Z]
720°L]
80"/
880°L]
160°L]
6YL L]
L5121
¥9LL1
LLL L
SLLLy
8113
161 L1

S61° L7

8L 2]
AR
0€€" ]
gee s
ove 2]

——n

£€9g' L’

Fiee

k8L

=8l
002
/e
96'¢
2z'S
=12'L
FEL'e

1.0 0.5 0.0 -0.5

1.5

45 4.0 35 3.0 25 2.0
1 (ppm)

50

5.5

6.0

6.5

75 7.0

8.0

85

S36



0LZ L

821 8h—
179901
6789011
L8901
9LL0LL]
0vSZhLe
VLTI
89€°91 1
0vE'SZ 1
879z
0£0°2Z 1

Z1LC 171

L

o e i,

Sv9° /2L
1628211
08,82 ;
z£8'821

16L el
ZvlleL]
0eL vl
Geg' eyl
688°€Y)]
G0 L1
ﬁo.\.i
S0Z°0S)

167°65 L
L0V 191
092 ¥91

==

T T T
100 90

110

T
120
1 (ppm)

T T T T T T T T T T T
190 170 160 150 140 130

180

60 250 240 230 220 210 200

vi8°LLL-
698°LL1L-
S98°LLL-
S68°LLL-
Ve’ LLL-
LEBLLL-
128 LLL-

vi8°LLL-

698°LLL-
GO8°LLI-
SG8° L=
9¥8LLL-
LEG'LLL-
128°LLL-

-117.8 -117.9 -1180 -1181 -118.2

-117.7

1 (ppm)

T T
-200 -210

-190

T
-20

-10

1 (ppm)

S37



Ph
Vi

Ph

Ph

— Ts8¢

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)

9.0

L6€E LY~
08908,
91291l
SL0'6LL
8.8'%Z1
915°GZ1|
L1Y'9T )]
8.6'9211
00€°22Z}]
29v' 121
904'22 1]
LES"8Z11
9928z
v18°8ZL|
9106z}

9LLVEL,
L€8 LE L~
¥89'8¢€L”
v90 ¥ L’
599'6%17

cLeeol—

Ph

Ph

210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40

220

1 (ppm)

S38



E10,C

Fr0'E

L EFroe

Fest

Fog’lL
=680

A4

= 90'6
60°L

= €8'€
€0'¢
€0'C
660
H/mm.—

1.0 05 0.0

15

20

25

3.5 3.0

4.0

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0
f1 (ppm)

8.0

9.5

ovv'vi— -

SOL Ly— -
L9181~ -

190° 19— -

S0V 4L

od8ntt
909'8LL
poE'GZL
v02'92
8212 ;

_‘mw.whw.

vreLel —

oevLch
Nmm.wm_‘w = =

Zr9'8el

65.°€EL
L0v°LEL

NNN.OQ% \

80€°€9L~ =

2€5°991 PN —

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
220

S39



v26'Z
Zr6'Z]
¥00°91
2209
€509
290°9]
080°91
L9¥"91
10G'9f
G199
959'9
T2 |
Z61° 2]
€02 /1
TR
AR
veT /]
TR
092" /1
992" /1
9.2 /1
1821
L0€ 21
60€" L1
LLE
zee Ly
eLe 11
20¥
AN A
8L¥ .
856 /1
615 L]
685/
685 /]
9211
16111
6£6°L]
696"
686" L1
82070}

F8'e

Rt
00z
ME.D
(5] 4
59'8
660
207
L'z
»ﬁ.w
ZZE

=0l

55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

6.0

1.0 105 100 95 80 85 80 75 70

11.5

60C L—
9958y —

¥8.°9.

Lo g

FUF LL

Bbhott:
¥8E'SZ L]
629211
09€°221
19%' 1211
£90'8Z11
0L9'871

—

779821 T
vZr0cl \
£E8EEL
GOy LEL

18FE9L—

c98’L6L—

OHC

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90

T
230

1 (ppm)

S40



Ph

=G0

Feoe
o0z
g0t

'l
66

80Z]
Rog

66'L

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35
11 (ppm)

85

¥ee 6e
9l¥'6e
609'62
108°6¢
£66 62

981'0¢€
8.€°0€
869 L v—

88€ 6V~

¢e6'9¢t
9€g°LCl
¥86°LCL
0/e'8¢l
ave'6cl
£90°0€1
6EV'VEL

Peet,
W

#mm.vmrv
FASY A 4¢]

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

S41



Ph

/ Ph
Ph

N

A
(0]
5ba

Fose

Feozr

ooz
=86'C
ezl
zz'9
Jo.m

Fog't

05

1.0

15

0

o

8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25
1 (ppm)

8.5

061 Ly—

1895y
990°9 411
ZrT 9Ll
L8021
IYATAS
857921
YL 221
£€85°LZ}]
0Y9°LZ)1
z18°2211
500°8Z 11
161821
985'8zL4
198°8Z11
622621

€ELEYI
LY98¥L~

mmm,mw_,/
Nmo.mo_ﬂ
088°€91
069°G91

Ph

/ Ph

-N
MR\

Ph

5ba

180 170 160 150 140 130 120 110 100 90 80 70

190

f1 (ppm)

S42



0LL 201"
1022011
€0.°201-1
8692011
2692011
1892011
08920}
619201
699201
299201~
1692011
1G9°L0L-
9v9'201-
6£9°201-1

GE9' 201
Le9 201

=

€02 20L-
869201
269201~
1892011
0892011
GL9 201
699" £0L=x
Z99' 201~
15920}
LG9 201~
99 201~

65920 i
589° L0}

-107.7 -107.9
1 (ppm)

-107.5

-107.3

/ Ph
Ph

5ba

70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

-50  -60

-40

-10 -30

10

G262~
6€6C

166°G
2109
820'9
£70'9
850'9
€119
505°9
299°9,
08r7,

19 YAV o

Ph

Ph

Vs

N
3

N-
|

5ca

Ph

FiC

é6e’L
Log'L
0cy'.L
€EV'L
(471
69.°L
G188
¢6L'8

Fese

6.0 55 5.0 45 40 35 3.0 25 20 15 10 05 0.0
1 (ppm)

6.5

S43



956'0t—
eS8 —

Y0l LL

e

910°SZ}1
661°9Z}1
8LL°22)
gze' Lz
06€° L2}
8EY 2121
£29'8Z 14
9rL'8ZL"
S86°€€ 1/
06Z°LE1

9Z1°0G1~

omm.mhw.

€G6°C9~
96€ 9L

Ph

N
N
Sca

N-
|

Ph

FoC

T T
100 90 80
1 (ppm)

T
110

T
120

T
140

T
200

T
210

8¥0'€9—

FiC

-i00 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

-80

-60

-30

s44



116T
626'C]
118°€
966'S
7109
5£0'9
£50°9]
1209
£97'9
£06°9
2€9°9]
199
¥86'9
686'9
100°L
900'2
€102
860°L
6EL°L
L6117
L02'L
6121
0£T'L
0¥Z L]
052’2
092'L
08Z'L
062'L
L0E 2

L1E L

8z¢e'.L
6€€L
YLy L]
SZyL
v86'L
166°L
966°L

80081
€108

0co'8

MeC

Fi6t

Fo0'e

Fooz

00z
WS.F

£0E
m‘hc.—
y107

676
o0y

3.0 25 20 1.5 1.0 0.5 0.0 -0.5

35

4.0

45
1 (ppm)

5.0

95 9.0 8.5 8.0 75 7.0 6.5 6.0 55

10.0

0€0' LY
Ly 8y
681765

78L9L,
0V L
NAkans
886 7111
122'GZ 1]
8619211
186°9Z )|
mqm.RL
807" 2z
¥85'8Z1
659'8Z 1A
v6.'821”
m%.mmt\ﬁ
z8€°LEL
Z29'8b L~

R

97 e9ly
Nov.mo_ﬂ
650'¥9l

Ph

Y Ph

~N,
NI\

Sda

Ph

MeO

a0 80 70 60 50 40 30 20 10

110 100
1 (ppm)

120

130

180

200

S45



66071

7Lz,
Bed6,
05791
18G°91
02991
#0021
950"/
120"
980/
861"/
051/
1917/
WA
VAR
€81°29

Lol

€v6’L
8¥6°L
1G6°L
196°L
G96°L
6962

FLys

=0ee

reel
00'e
c0l

g6'L
SL'y
869

1oL

=821

10 05 00 -05

1.5

55 50 45 40 35 3.0 25 2.0

6.0

10.0 95 9.0 8.5 8.0 7.5 7.0

1.0 105

15

1 (ppm)

986'0€~
S6L v
¥8L Ly
6vE 8y

8684k
02€ 0211
2502211
0€€'5Z |
501921
S9Y'9Z 1
080221

T

Rzasa=cs

125°22}]
199°221]
Bm.mmg
6+3°8Z1

192Vl
86/ L]
9£8°€ Y|
G8Z'8¥ |
eSLYSL]
LE8'E9L]
8¥E v9l

———

Bu

30

T T
100 90 80
1 (ppm)

T
110

T
120

T
200

T
210

S46



30 20 10

40

80 70 60

90
f1 (ppm)

S47

110 100

120

L2 6RZLZ—
— Lo ZYT Ly
. ozvsy-
890°¢— — ——= =00 ™
R R AN)
ZsLey, B} LT e90Tel
8446 | T geesz

. 8.'921
o = . 250'2Z1

b il e 901 °L21
9059 il £ .

. ~ 2 1
wwm.wu S 0T T9LLTH
#9691 = lrey Z00'8Z 11
i ‘el

: 1
so1-2 . cigez)
2L /] 828'8Z1¢
902/ - esl € VBLEZLS

: o %02 982 ¥l
vae L - SV et/
09¢ /1 - ceof e £64 Nm,_.\

: €Lz zzLl Lyl
G9C Ly . ££'Z| o . \

: - Terere  0l8°€vl
1: T4 781G .
ple g ——— $98L €L2°8V1

VL e €9L°€91
8.6 L. - ol LGE¥IL
666°L7 ®

180 170 160 150 140 130

190




206'Ly
B8SZ|
£09°Z|
826°S
9v6's
196°G
986'G
009
G0E9
Pre'9
1559
6659
289
€89
0069
6169
L£69
5569
1969
046'9
€169
00°L]
610°/]
£20°/
9€0°/
L0°L]
50°L{
1G0°Z1

1202}
8602}
201"

8Ly -

TANA
LeL 24
oL L]
omi
19171
zzll
RO
VLLTL

=6L°E

F06'E

Fere
002
¥ 960

Lol
Lo
80°¢
62'S
126

861

05 0.0 -0.5

1.0

35 30 25 20

40

1 (ppm)

[}
~

50

55

6.0

6.5

7.0

75

80

85

9.0

§66'0¢—

EEC Ly~
LEY 8Y—

§68-631
0L¥'9Z)

[2{ o A I I\

L00'8¢l
Eve8cl
628'8CL
LoevElL

806°€91\
€.€%917

40 30 20 10

50

70

210 200 190 180 170 160 150 140 130 120 110 100 20

0

1 (ppm)

S48



198°¢
0.8°¢
¥88°¢
888°¢C
29
6EY'9
9G¥°9;
19%'9
8.¥'9
96%'9
L #9791
1899
0cec’L
AN
8¢C’L
ALPA
1A TAY
9G¢’L
6S¢’L
¥6¢ L1
2c0g’ L
0le 21
1459
S TANA
LEE 2]
€62 L1
90¥ ' L1
Lt Ly
Sy Ly

i

8l1' L
681"/

162
Z05°2
G0S' L1
Z15/]
889/
¥69°L1
869"/
€042

AR

35 3.0 25 20 15 1.0 05 0.0

4.0

GGG'¢e—

98291

ALty g

8.5 8.0 7.5 7.0 85 8.0 55 5.0 45
f1 (ppm)

9.0

9.5

U LL

LevLL

68%°0LL
798611
L0lL°¢cl
80¢€'vCl
eLLYCL
815921
_‘Nm.mm_%
m#w.wmr\
LOL'PEL
vLL9€L
€EG'LYL
¢60°1LSL

890°G9l—

10

20

30

20 80 70 60 50

1 (ppm)

S49

100

110

130

ool

180 170 160 140

190




v9e°L
8¢ 11
SOV’

SZyL

6LLL

ovL'L

092}
8612 ﬁ
€122

812’z
9222
0v2'e
96¥'¢
0162
9162
6262
1€G2
Y82
190°L
820
180°L
0zh'L
eelL
8¢l /]
vyl L
1GL2
902 'L
62Tl
8T L1
oz L

Ph

o

P
Ph

N
N

(o]

7a

1GTL
19z
0.2 2]
LOY'L
80'L
ZLrL
verL
v19°/]
9z9'L
189°L

F vot

Foogg

€6
F LG

P

e
[=N=RoN=N{]
SSg o

9.0 85 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 30 25 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

95

9SG €T,
1G22
126'7E
96€ 9L
621 9€

sLLer’

va.wh/

=202
6lyiL

A
69561
A AR g4}
28r el
£48'GZ)
6.8°GZ)
Z6v°9Z1
SYE'8TL;
187821
9LV Lihy
rAeTArA A%
8909t 1~
6680517

¥2G6° /91—

Ph

Ph

7a

Ph

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

190

S50



0
o
RE
~
;
I

Ph

Ph

Ph

Eige

=280

0.0

0.5

1.0

181'S¢—

1.5

99€°9¢
002"

20

696 L¥—

25

3.0

35

5810,
€0L°LL
| 6044,
8886111
0SP P H
090521
m%.mmﬁ

4.0
1 (ppm)

4.5

5.0

LGb'9Z )1
G62° LT
08e'8Z 1|
12v'8T)

%v.mmrw

5.5

6.0

6.5

950°2¥y
A4
a2 dnd
AR
609°0G}

¢LL'29l—

Ph

Ph

Ph

40

1 (ppm)
S51

T T T T T T T
160 150 140 130 120 110 100 90

T
170




Ly 3/
CTAarA

LEP'Z|
2 a
6671
€112
ST
06.Z]
0182
6909
0609
8019
Lz19
09%'9
6619
861 ']
S0T°L]
Lz L]
61221
92z /]
09Z"/]
92" /1
692 L]
6.2 L]
82" /]
|
162 L]

0g L1
0LEL]
8LE L
86€ "L

Ph

7c

Ph

AN R
AN IR
veY L
86"/
9Lt 1]
08t 2]
99" L]
9992/

FsL

W eLS

Ia:

F 8t

@
®©
o

A
893

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

1 (ppm)

4.5

8.5 5.0

8.5 8.0 75 7.0 8.5 6.0

9.0

€eL e

cle g~
900" L~
AR g

loL'LL

BE04E,
LGB
AR AR
AR AR
866'521|
002921
09€°9Z 4
129924+ .

va.QNW

£96'8¢l
geagel
89C°EE _‘\

0ce'le _%

Ph

G09'LEL
8.8'vvl

861°/91—

60

T
90 80

‘
100
1 (ppm)

T
110

T
120

T
180

T
200

T
210

S52



898°C
1482
6482
7162
1262
6962
24672
646°C]
§10°¢]
520°¢]
088G
920°9]
9119
el

—_

L T[\ﬁ|ﬁ)

0922
592'L]
SiT
AT
062 .1
L0E 1
G0E'
€18/
61€ 2]
AR
9€€' /1
9ve /1
€6/
L5
99€'/
18€"
Gee /4
62t 2]
L8%°2]
aa R
Al
¥29'2
LE9 L1
8€9'/
9¥9° 2’

—

Fiow

=G8'L
001

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

95

89€ v —
86G'€G—

S8.°9.

E )

CUV LL

0cy L.

S1Z°0LL
196°E 1L
Z6.L°61L
98e'vZL
09642}
966°9Z)
8Ly’ LZ)
169'8Z)
c0z'6zL’
860°ZhL\
800°9 )~
S0P°0G )~
8291617

¢00°€9l—

Ph

/
7d

N
A\

60

130 120 110 100 90
1 (ppm)

140

190 180 170 160

200

210

S53



0522
€19°C]
Z69°¢]
60,2/
rAANA
9%0'9
9909
G809
€0L'9
0¥¥'9
0891
861°9
2929
G119
811°9
996°9
G869
18691
860"/
#90°/1
¥20°H
6.0/
961"/
€02/
602 1
Gl
€22 11
(RorAVR
8G¢ /A
¥92" 1
04217
VXN
1121
582"
062/
862/
0 E.J

T T ——

zov' 2!
SRR
6cL'8

HN

CH

7e

Ph

-

>

Foo't

Fouw

66}

»00¢C
507
90'L

WTF, L

H\mw_m

968

6Ly

*G6'0

2.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 05 0.0
1 (ppm)

9.5

L196'1€
08 ve~
ovl Ly~
LLE bY

vmh.wh/

_‘or.\.h\
0Bzt
Sro'ccl
G68'GClL
861°9¢1
L19'9¢L
9G6g° L2l
8G9'8¢L
0s.'8¢clL
8.C°EEL
LyvlEl

crieELlL—

Ph

HN

OH

Te

Ph

0 -10 -20

10

30 20

230 210 190 170 150 130 110 90 80 70 60 50 40
1 (ppm)

250

270

S54



