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1. General Information

All chemicals were bought from commercial companies and used directly unless noted.
All reactions monitored by thin-layer chromatography (TLC). TLC was performed on
silica gel F2s4 TLC glass plates and visualized with UV light. "TH NMR, '°F NMR and
3BC NMR spectra were recorded on a Bruker Advance 500 M NMR spectrometers
(CDCl3, DMSO-ds as solvent). 'F NMR were recorded with Brucker Avance (471
MHz) F NMR chemical shifts are reported in ppm from trichlorofluoromethane. 'H
NMR spectra were recorded with Brucker Avance (500 MHz) spectrometer, 'H NMR
chemical shifts are reported in ppm from tetramethylsilane, *C {'H} NMR spectra
were recorded with Brucker Avance (126 MHz) spectrometer with complete proton
decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the
solvent resonance as internal standard (CDCls, = 0 77.0). s = singlet, d = doublet, t =
triplet, m = multiplet or unresolved, PE = petroleum ether, EA = ethyl acetate. The high
resolution mass spectrum (HRMS) were recorded on an Agilent (Q-TOF6520) unit with
an ESI source. IR spectra were measured on a Shimadzu IR Affinnity-1s spectrometer.
Melting points were measured on a binocular microscope XT4A melting point

apparatus (uncorrected).

2. Preparation of O-Methyl oxime

Substrates 1a-1v were prepared according to literature procedures.'”
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Procedure for the Synthesis of 1a-1v. Under an argon atmosphere, a mixture of

acyl chloride (12 mmol), PdCI2(PPhs)2 (2 mol%), and Et3N (12 mmol) in anhydrous
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THF (30 mL) was stirred at room temperature in a 100 mL round-bottom flask for 10
min. Cul (4 mol%) was added, and stirring was continued for an additional 10 min.
Subsequently, the terminal alkyne (10 mmol) was introduced, and the resulting
mixture was stirred at room temperature overnight (reaction progress monitored by
TLC). After complete consumption of the starting material, water (50 mL) was added.
The aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined organic
extracts were washed with brine, dried over anhydrous NaxSOs, and filtered. The
filtrate was concentrated under reduced pressure. Purification by silica gel column

chromatography (eluent: PE/EA) afforded the desired product.

In a 50 mL round-bottom flask, a mixture of ynone (4 mmol), methoxyamine
hydrochloride (8 mmol), anhydrous Na2SO4 (8 mmol), pyridine (1.2 mL), and methanol
(15 mL) was stirred at room temperature overnight (reaction monitored by TLC). When
the reaction was completed, the reaction was quenched with water (40 mL)
and extracted with ethyl acetate (3 x 40 mL). The combined organic layers were
washed with brine, dried over anhydrous Na2SOas, and filtered. After concentration
under reduced pressure, the residue was purified by silica gel column chromatography

(eluent: PE/EA) to afford the desired products 1a-1v in 35-76% yields.

o) . PdCL(PPha); 7 @OFNHZ
o+ Cul, Et3N, THF % n
Ar, rt, overnight
oHCI

Na,SO, |

pyridine, methanol O %

Procedure for the Synthesis of 1a'. Under an argon atmosphere, a mixture of
benzoyl chloride (12 mmol), PACl2(PPh3)2 (2 mol%), and EtsN (12 mmol) in anhydrous
THF (30 mL) was stirred at room temperature in a 100 mL round-bottom flask for 10
min. Cul (4 mol%) was added, and stirring was continued for an additional 10 min.

Subsequently, the phenylacetylene (10 mmol) was introduced, and the resulting
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mixture was stirred at room temperature overnight (reaction progress monitored by
TLC). After complete consumption of the starting material, water (50 mL) was added.
The aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined organic
extracts were washed with brine, dried over anhydrous NaxSOs, and filtered. The
filtrate was concentrated under reduced pressure. Purification by silica gel column

chromatography (eluent: PE/EA) afforded the desired product.

In a 50 mL round-bottom flask, a mixture of 1,3-diphenyl-2-propyn-1-one (4
mmol), O-Benzylhydroxylamine hydrochloride (8 mmol), anhydrous Na2SO4 (8 mmol),
pyridine (1.2 mL), and methanol (15 mL) was stirred at room temperature overnight
(reaction monitored by TLC). When the reaction was completed, the reaction was
quenched with water (40 mL) and extracted with ethyl acetate (3 x 40 mL).
The combined organic layers were washed with brine, dried over anhydrous Na2SO4,
and filtered. After concentration under reduced pressure, the residue was purified by
silica gel column chromatography (eluent: PE/EA) to afford the desired products 1a' in
65% yields.

1,3-Diphenyl-2-propyn-1-one O-methyloxime (1a)°

Yellow solid, (602 mg, 64%), mp: 42-44 °C. Purified by column chromatography
(PE/EA = 100/1, v/v). 'TH NMR (500 MHz, CDCl3) 6 7.93-7.91 (m, 2H), 7.63-7.61 (m,
2H), 7.41-7.38 (m, 6H), 4.14 (s, 3H) ppm; '*C NMR (126 MHz, CDCls) 6 140.0, 133.6,
132.2, 129.7, 129.6, 128.5, 128.4, 126.5, 121.8, 101.2, 79.5, 63.2 ppm; HRMS (ESI)
m/z: caled. for C1sHi1sNO [M + H]" 236.1070, found 236.1080.
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1,3-Diphenyl-2-propyn-1-one O- benzyloxime (1a')*
Colorless oil, (810 mg, 65%). Purified by column chromatography (PE/EA = 50/1, v/v).

"HNMR (500 MHz, CDCl3) § 7.91-7.90 (m, 2H), 7.60-7.58 (m, 2H), 7.48-7.46 (m, 2H),
7.41-7.31 (m, 9H), 5.38 (s, 3H) ppm.

1-(4-Methylphenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1b)’

Yellow oil, (648 mg, 65%). Purified by column chromatography (PE/EA = 70/1, v/v).
'"H NMR (500 MHz, CDCl3) 6 7.80 (d, J = 8.0 Hz, 2H), 7.62-7.60 (m, 2H), 7.40-7.36
(m, 3H), 7.20 (d, J= 7.5 Hz, 2H), 4.12 (s, 3H) , 2.38 (s, 3H) ppm.

_.OMe
N

IS
MeO O

1-(4-Methoxyphenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1c)>

White solid, (626 mg, 59%), mp: 57-59 °C. Purified by column chromatography
(PE/EA = 60/1, v/v). "H NMR (500 MHz, CDCls) ¢ 7.87-7.84 (m, 2H), 7.62-7.60 (m,
2H), 7.40-7.38 (m, 3H), 6.93-6.91 (m, 2H), 4.11 (s, 3H) , 3.84 (s, 3H) ppm.
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1-(4-Fluorophenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1d)’

Yellow oil, (587 mg, 58%). Purified by column chromatography (PE/EA = 60/1, v/v).
"HNMR (500 MHz, CDCl3) 6 7.91-7.89 (m, 2H), 7.62-7.60 (m, 2H), 7.41-7.36 (m, 3H),
7.10-7.07 (m, 2H), 4.13 (s, 3H) ppm.
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1-(4-Chlorophenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1e)’

Colourless oil, (453 mg, 42%). Purified by column chromatography (PE/EA = 60/1,
v/v). 'TH NMR (500 MHz, CDCl3) 6 7.86-7.83 (m, 2H), 7.61-7.60 (m, 2H), 7.40-7.36
(m, SH), 4.13 (s, 3H) ppm.
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N

S
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1-(4-Bromophenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1f)°

Yellow solid, (665 mg, 53%), mp: 54-56 °C. Purified by column chromatography
(PE/EA = 60/1, v/v). '"H NMR (500 MHz, CDCls) 6 7.79-7.77 (m, 2H), 7.61-7.60 (m,
2H), 7.54-7.51 (m, 2H), 7.43-7.36 (m, 3H), 4.13 (s, 3H) ppm.
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N
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3-Phenyl-1-[4-(trifluoromethyl)phenyl]-2-propyn-1-one O-methyloxime (1g)°

Pale yellow solid, (424 mg, 35%), mp: 58-60 °C. Purified by column chromatography
(PE/EA = 60/1, v/v). "H NMR (500 MHz, CDCl3) & 8.03 (d, J = 8.5 Hz, 2H), 7.65 (d, J
= 8.0 Hz, 2H), 7.63-7.61 (m, 2H), 7.43-7.38 (m, 3H), 4.17 (s, 3H) ppm.
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1-(2-Methylphenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1h)°

Yellow oil, (648 mg, 65%). Purified by column chromatography (PE/EA = 60/1, v/v).
"HNMR (500 MHz, CDCls) 6 7.54-7.53 (m, 3H), 7.35-7.33 (m, 3H), 7.29-7.27 (m, 1H),
7.25-7.22 (m, 2H), 4.12 (s, 3H), 2.54 (s, 3H) ppm.

OMe N~ V¢

A

o
<

1-(2-Methoxyphenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1i)

Yellow oil, (795 mg, 75%). Purified by column chromatography (PE/EA = 10/1, v/v).
'HNMR (500 MHz, CDCl3) 6 7.54-7.51 (m, 2H), 7.50-7.48 (m, 1H), 7.37-7.32 (m, 4H),
7.01-6.95 (m, 2H), 4.12 (s, 3H), 3.88 (s, 3H) ppm.

1-(2-Chlorophenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1j)'

Pale yellow oil, (485 mg, 45%). Purified by column chromatography (PE/EA = 60/1,
v/v). 'TH NMR (500 MHz, CDCl3) § 7.55-7.52 (m, 3H), 7.45-7.44 (m, 1H), 7.37-7.31
(m, 5H), 4.14 (s, 3H) ppm.

1-(3-Methylphenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1k)°
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Yellow oil, (618 mg, 62%). Purified by column chromatography (PE/EA = 60/1, v/v).
"HNMR (500 MHz, CDCls) § 7.72-7.70 (m, 2H), 7.63-7.61 (m, 2H), 7.40-7.36 (m, 3H),
7.31-7.28 (m, 1H), 7.22-7.20 (m, 1H), 4.14 (s, 3H), 2.40 (s, 3H) ppm.

1-(3-Chlorophenyl)-3-phenyl-2-propyn-1-one O-methyloxime (11)°

Yellow oil, (539 mg, 50%). Purified by column chromatography (PE/EA = 40/1, v/v).
'HNMR (500 MHz, CDCl3) § 7.91-7.90 (m, 1H), 7.80-7.78 (m, 1H), 7.62-7.60 (m, 2H),
7.39-7.31 (m, 5H), 4.14 (s, 3H) ppm.

1-[1,1’-Biphenyl]-4-yl-3-phenyl-2-propyn-1-one O-methyloxime (1m)'

White solid, (497 mg, 40%), mp: 111-113 °C. Purified by column chromatography
(PE/EA = 80/1, v/v). "H NMR (500 MHz, CDCls) ¢ 8.00-7.98 (m, 2H), 7.64-7.61 (m,
6H), 7.46-7.43 (m, 2H), 7.40-7.36 (m, 4H), 4.16 (s, 3H) ppm.

1-(2-Naphthalenyl)-3-phenyl-2-propyn-1-one O-methyloxime (1n)°

Pale yellow solid, (536 mg, 47%), mp: 107-109 °C. Purified by column chromatography
(PE/EA = 60/1, v/v). '"H NMR (500 MHz, CDCls) 6 8.34 (s, 1H), 8.08-8.06 (m, 1H),
7.91-7.89 (m, 1H), 7.84-7.82 (m, 2H), 7.68-7.66 (m, 2H), 7.51-7.47 (m, 2H), 7.42-7.37
(m, 3H), 4.18 (s, 3H) ppm.
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1-Cyclohexyl-3-phenyl-2-propyn-1-one O-methyloxime (10)"

Yellow oil, (512 mg, 53%). Purified by column chromatography (PE/EA = 50/1, v/v).
"HNMR (500 MHz, CDCI3) 6 7.54-7.52 (m, 2H), 7.36-7.34 (m, 3H), 3.96 (s, 3H), 2.44-
2.38 (m, 1H), 1.90-1.78 (m, 4H), 1.72-1.68 (m, 1H), 1.53-1.47 (m, 2H), 1.37-1.29 (m,
2H), 1.25-1.20 (m, 1H) ppm.
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|
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3-(4-Methylphenyl)-1-phenyl-2-propyn-1-one O-methyloxime (1p)’

Yellow oil, (688 mg, 69%). Purified by column chromatography (PE/EA = 60/1, v/v).
"HNMR (500 MHz, CDCl3) 6 7.92-7.90 (m, 2H), 7.52-7.50 (m, 2H), 7.40-7.39 (m, 3H),
7.18 (d, /= 8.0 Hz, 2H), 4.14 (s, 3H), 2.38 (s, 3H) ppm.

3-[4-(1,1-Dimethylethyl)phenyl]-1-phenyl-2-propyn-1-one O-methyloxime (1q)°

Pale yellow oil, (816 mg, 70%). Purified by column chromatography (PE/EA = 50/1,
v/v). '"H NMR (500 MHz, CDCl3) 6 7.93-7.91 (m, 2H), 7.56-7.53 (m, 2H), 7.40-7.38
(m, 5H), 4.13 (s, 3H), 1.32 (s, 9H) ppm.
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3-(4-Propylphenyl)-1-phenyl-2-propyn-1-one O-methyloxime (1r)’

Yellow oil, (843 mg, 76%). Purified by column chromatography (PE/EA = 50/1, v/v).
'H NMR (500 MHz, CDCl3) 6 7.93-7.91 (m, 2H), 7.53-7.51 (m, 2H), 7.40-7.36 (m, 3H),
7.17 (d,J = 8.5 Hz, 2H), 4.13 (s, 3H), 2.59 (t, J="7.5 Hz, 2H), 1.67-1.59 (m, 2H) , 0.92
(t,J=7.5 Hz, 3H) ppm.

_OMe
N

‘%
C

3-(4-Chlorophenyl)-1-phenyl-2-propyn-1-one O-methyloxime (1s)°

Pale yellow solid, (615 mg, 57%), mp: 40-42 °C. Purified by column chromatography
(PE/EA = 40/1, v/v). 'H NMR (500 MHz, CDCl3) 6 7.90-7.88 (m, 2H), 7.53-7.51 (m,
2H), 7.40-7.38 (m, 3H), 7.35-7.32 (m, 2H), 4.13 (s, 3H) ppm.
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1-Phenyl-3-[4-(trifluoromethyl)phenyl]-2-propyn-1-one O-methyloxime (1t)°

Yellow oil, (630 mg, 52%). Purified by column chromatography (PE/EA = 40/1, v/v).
'H NMR (500 MHz, CDCl3) § 7.91-7.89 (m, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.62 (d, J =
8.5 Hz, 2H), 7.41-7.39 (m, 3H), 4.14 (s, 3H) ppm.
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4,4-Dimethyl-1-phenyl-2-pentyn-1-one O-methyloxime (1u)®

Colourless oil, (629 mg, 73%). Purified by column chromatography (PE/EA = 20/1,
v/v). '"HNMR (500 MHz, CDCls) 6 7.84-7.82 (m, 2H), 7.35-7.34 (m, 3H), 4.06 (s, 3H),
1.37 (s, 9H) ppm.
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1-Phenyl-3-(2-thienyl)-2-propyn-1-one O-methyloxime (1v)’

Brown oil, (579 mg, 60%). Purified by column chromatography (PE/EA = 50/1, v/v).
"HNMR (500 MHz, CDCI3) J 7.89-7.87 (m, 2H), 7.43-7.42 (m, 1H), 7.40-7.39 (m, 4H),
7.05-7.03 (m, 1H), 4.13 (s, 3H) ppm.

3. Preparation of N-thiocyanato-dibenzenesulfonimide

Reagents 2d were prepared according to the literatures. '

\\ // \\// \\ // \\// AgSCN \\ // \\//

\ _S tBuOCI
MOHrt5

N-(Phenylsulfonyl)benzenesulfonamide (9.0 g, 30.30 mmol) and tert-butyl
hypochlorite (33.33 mmol, 1.1 equiv) were stirred in methanol (50 mL) for 5 min at
room temperature. Then the suspension was filtered giving the N-chloro-N-
(phenylsulfonyl)-benzenesulfonamide as a  white  powder. = N-chloro-N-
(phenylsulfonyl)-benzenesulfonamide (2.6 g, 7.9 mmol) was treated with AgSCN (2 g,
11.9 mmol, 1.5 equiv) in CH2CI2 (25.0 mL) for 12 h at room temperature.. Then the
reaction mixture was filtered, and the filtrate was concentrated under reduced pressure

to afford the product.

4. General Procedure for the Synthesis of 3

N,OR
| 0,00, 0 _
AL . Y TiCl14(20 mol%)
R1—: AN ,}l CH,Cl,, rt, Ar, 8h
_ | N SCN Zra
—R
= R’
1 2d 3

A 25 mL reaction tube was charged with substrate 1a-1v (0.10 mmol, 1.0 equiv)
and TiCls (0.02 mmol, 0.2 equiv) under an argon atmosphere. The mixture was
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dissolved in anhydrous DCM (0.5 mL). N-Thiocyanato-dibenzenesulfonimide (1.50
mmol, 1.5 equiv) was added to the reaction mixture. The resulting solution was stirred
at room temperature until the reaction was complete, as monitored by TLC. Upon
completion, the crude mixture was purified by column chromatography on silica gel

using PE/Pr20 as the eluent to afford products 3a-3v.

3,5-Diphenyl-4-thiocyanatoisoxazole (3a)

Purified by column chromatography (PE/ P20 = 30/1, v/v), TLC Ry= 0.3, white solid
(23.4 mg, 84%), mp: 169-171 °C. 'H NMR (500 MHz, CDCls) 6 8.08-8.06 (m, 2H),
7.86-7.84 (m, 2H), 7.61-7.57 (m, 6H) ppm; *C NMR (126 MHz, CDCl3) 6 173.7, 164.1,
132.1,130.8, 129.3, 129.1, 128.8, 128.0, 126.8, 125.6,109.5, 93.4 ppm; IR (KBr) 2922,
2160 (SCN), 912 cm™'; HRMS (ESI) m/z: calcd. for C1sH11N20S [M + H]* 279.0587,
found 279.0594.

3-(4-Methylcyclohexa-1,5-dien-1-yl)-5-phenyl-4-thiocyanatoisoxazole (3b)

Purified by column chromatography (PE/'Pr20 = 10/1, v/v), TLC Ry= 0.5, white solid
(28.2 mg, 96%), mp: 127-129 °C. 'H NMR (500 MHz, CDCls) 6 8.08-8.06 (m, 2H),
7.75 (d, J = 8.0 Hz, 2H), 7.61-7.59 (m, 3H), 7.38 (d, J = 7.5 Hz, 2H), 2.46 (s, 3H) ppm;
BC NMR (126 MHz, CDCl3) § 173.6, 164.1, 141.1, 132.0, 129.8, 129.3, 128.6, 128.0,
125.7, 123.9, 109.6, 93.3, 21.5 ppm; IR (KBr) 2924, 2158 (SCN), 1660, 1581, 1377,
812, 736 cm™'; HRMS (ESI) m/z: calcd. for Ci17H13N20S [M + H]" 293.0744, found
293.0757.
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3-(4-Methoxyphenyl)-5-phenyl-4-thiocyanatoisoxazole (3¢)

Purified by column chromatography (PE/ Pr20 = 8/1, v/v), TLC Ry = 0.5, white solid
(27.1 mg, 88%), mp: 161-163°C. 'H NMR (500 MHz, CDCls) § 8.07-8.05 (m, 2H),
7.83 (d, J=8.5 Hz, 2H), 7.61-7.60 (m, 3H), 7.08 (d, /= 8.5 Hz, 2H), 3.90 (s, 3H) ppm;
3C NMR (126 MHz, CDCl3) § 173.6, 163.7, 161.6, 132.0, 130.2, 129.3, 128.1, 125.7,
119.0, 114.6, 109.7, 93.2, 55.5 ppm; IR (KBr) 2924, 2351, 2158 (SCN), 1606, 1382,
1255 cm™'; HRMS (ESI) m/z: caled. for C17H13N202S [M + HJ™ 309.0693, found
309.0694.

3-(4-Fluorophenyl)-5-phenyl-4-thiocyanatoisoxazole (3d)

Purified by column chromatography (PE/’Pr.0 = 6/1, v/v), TLC Ry=0.5, White solid
(23.4 mg, 79%), mp: 130-132 °C. '"H NMR (500 MHz, CDCls) 6 8.07-8.05 (m, 2H),
7.88-7.86 (m, 2H), 7.63-7.60 (m, 3H), 7.27-7.25 (m, 2H) ppm; *C NMR (126 MHz,
CDCl3) 6 173.8, 164.3 (d, J = 253.3 Hz), 163.3, 132.2, 130.8 (d, J = 8.8 Hz), 129.3,
128.0, 125.5, 122.9 (d, J= 3.8 Hz), 116.4 (d, J = 22.7 Hz), 109.4, 93.3 ppm; ’F NMR
(471 MHz, CDCl3) 6 -108.8 ppm; IR (KBr) 2920, 2351, 2160 (SCN), 1556, 1417, 1236,
840 cm'; HRMS (ESI) m/z: caled. for CisHioFN20S [M + H]* 297.0493, found
297.0492.
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3-(4-Chlorophenyl)-5-phenyl-4-thiocyanatoisoxazole (3e)

Purified by column chromatography (PE/ Pr20 = 6/1, v/v), TLC Ry = 0.4, white solid

(25.0 mg, 80%), mp: 102-104 °C. 'H NMR (500 MHz, CDCls) 6 8.07-8.05 (m, 2H),

7.83-7.80 (m, 2H), 7.65-7.58 (m, 3H), 7.57-7.54 (m, 2H) ppm; *C NMR (126 MHz,

CDCl) 0 174.0, 163.2, 137.3, 132.3, 130.0, 129.5, 129.3, 128.1, 125.5, 125.3, 109.3,

93.3 ppm; IR (KBr) 2829, 2351, 2158 (SCN), 1598, 1352, 1091, 831 cm™!; HRMS (ESI)
m/z: calcd. for C16H10CIN20S [M + H]" 313.0197, found 313.0206.

3-(4-Bromophenyl)-5-phenyl-4-thiocyanatoisoxazole (3f)

Purified by column chromatography (PE/ Pr20 = 6/1, v/v), TLC Ry = 0.4, white solid
(26.8 mg, 75%), mp: 117-119 °C. '"H NMR (500 MHz, CDCls) 6 8.07-8.05 (m, 2H),
7.76-7.70 (m, 4H), 7.65-7.59 (m, 3H) ppm; *C NMR (126 MHz, CDCl3) § 174.0, 163.2,
132.4,132.3,130.2, 129.3, 128.0, 125.7, 125.6, 125.4, 109.3, 93.2 ppm; IR (KBr) 2829,
2351, 2160 (SCN), 1593, 1352, 1105 cm™'; HRMS (ESI) m/z: calcd. for C1sH10BrN20S
[M + H]" 356.9692, found 356.9691.

5-Phenyl-4-thiocyanato-3-(4-(trifluoromethyl)phenyl)isoxazole (3g)
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Purified by column chromatography (PE/ P20 = 6/1, v/v), TLC Ry = 0.4, white solid
(29.4 mg, 85%), mp: 83-85 °C. 'H NMR (500 MHz, CDCl3) § 8.09-8.07 (m, 2H), 8.01
(d, J= 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H), 7.65-7.61 (m, 3H) ppm; *C NMR (126
MHz, CDCl3) 0 174.2, 163.1, 132.8 (q, J=32.8 Hz), 132.4, 130.4, 129.4, 129.2, 128.1,
126.1 (q, J = 3.8 Hz), 125.3, 123.7 (q, J = 273.4 Hz), 109.2, 93.4 ppm; '°F NMR (471
MHz, CDCl3) ¢ -63.0 ppm; IR (KBr) 2929, 2351, 2160 (SCN), 1589, 1325, 1126, 1068,
844 cm™!'; HRMS (ESI) m/z: caled. for C17H10F3N20S [M + H]* 347.0461, found
347.0460.

5-Phenyl-4-thiocyanato-3-(o-tolyl)isoxazole (3h)

Purified by column chromatography (PE/ Pr20 = 6/1, v/v), TLC Ry= 0.5, pale yellow
solid (24.0 mg, 82%), mp: 166-168 °C. 'H NMR (500 MHz, CDCls) 6 8.13-8.11 (m,
2H), 7.62-7.60 (m, 3H), 7.47-7.45 (m, 1H), 7.40-7.37 (m, 3H), 2.36 (s, 3H) ppm; '*C
NMR (126 MHz, CDCl3) 0 172.6, 165.4, 137.6,132.1, 130.9, 130.5, 130.1, 129.3, 127.9,
126.1, 126.0, 125.7, 109.0, 94.8, 20.0 ppm; IR (KBr) 2814, 2351, 2318, 2158 (SCN),
1593, 1377, 1350, 1111, 734 cm™!'; HRMS (ESI) m/z: calced. for C17H13N20S [M + H]*
293.0744, found 293.0750.

3-(2-Methoxyphenyl)-5-phenyl-4-thiocyanatoisoxazole (3i)

Purified by column chromatography (PE/ P20 = 4/1, v/v), TLC Ry = 0.5, white solid
(24.1 mg, 78%), mp: 153-155 °C. '"H NMR (500 MHz, CDCl3) ¢ 8.13-8.11 (m, 2H),
7.61-7.59 (m, 3H), 7.57-7.50 (m, 2H), 7.14-7.07 (m, 2H), 3.91 (s, 3H) ppm; *C NMR
(126 MHz, CDCl3) ¢ 171.9, 163.7, 157.2, 132.5, 131.9, 131.2, 129.2, 127.9, 125.9,

121.1, 115.7, 111.1, 109.9, 95.8, 55.6 ppm; IR (KBr) 2937, 2308, 2158 (SCN), 1604,
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1384, 1249, 1112, 750, 617 cm™!; HRMS (ESI) m/z: caled. for C17H13N202S [M + H]*
309.0693 found 309.0699.

3-(2-Chlorophenyl)-5-phenyl-4-thiocyanatoisoxazole (3j)

Purified by column chromatography (PE/ Pr20 = 6/1, v/v), TLC Ry = 0.4, white solid
(22.8 mg, 73%), mp: 98-100 °C. '"H NMR (500 MHz, CDCl3) § 8.13-8.11 (m, 2H), 7.61-
7.57 (m, 4H), 7.55-7.51 (m, 2H), 7.47-7.44 (m, 1H) ppm; *C NMR (126 MHz, CDCls)
0 172.5, 164.0, 133.8, 132.2, 132.1, 131.8, 130.1, 129.3, 127.8, 127.3, 126.0, 125.5,
109.0, 95.4 ppm; IR (KBr) 2816, 2351, 2310, 2160 (SCN), 1585, 1384, 1130, 1064,
759 em™'; HRMS (ESI) m/z: caled. for CisHioCIN20S [M + HJ" 313.0197, found
313.0203.

5-Phenyl-4-thiocyanato-3-(m-tolyl)isoxazole (3k)

Purified by column chromatography (PE/ Pr20 = 9/1, v/v), TLC Ry= 0.4, pale yellow
solid (26.0 mg, 89%), mp: 144-146 °C. 'H NMR (500 MHz, CDCl3) & 8.08-8.06 (m,
2H), 7.66-7.64 (m, 2H), 7.62-7.59 (m, 3H), 7.48-7.44 (m, 1H), 7.38 (d, /= 7.5 Hz, 1H),
2.47 (s, 3H) ppm; 3C NMR (126 MHz, CDCl3) § 173.6, 164.3, 139.0, 132.1, 131.6,
129.4,129.3,129.0, 128.1, 126.7, 125.9, 125.7, 109.6, 93.4, 21.5 ppm; IR (KBr) 2920,
2351, 2308, 2158 (SCN), 1583, 1556, 1384, 1136, 727, 688 cm'; HRMS (ESI) m/z:
calcd. for C17H13N20S [M + H]" 293.0744, found 293.0749.
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3-(3-Chlorophenyl)-5-phenyl-4-thiocyanatoisoxazole (31)

Purified by column chromatography (PE/ Pr20 = 6/1, v/v), TLC Ry= 0.5, pale yellow
solid (23.8 mg, 76%), mp: 79-81 °C. 'H NMR (500 MHz, CDCl3) & 8.07-8.06 (m, 2H),
7.86-7.85 (m, 1H), 7.78-7.76 (m, 1H), 7.63-7.60 (m, 3H), 7.57-7.50 (m, 2H) ppm; *C
NMR (126 MHz, CDCls) 6 174.0,163.0, 135.2, 132.3,131.0, 130.4, 129.4, 128.8, 128.5,
128.1, 126.9, 125.4, 109.2, 93.4 ppm; IR (KBr) 3082, 2362, 2160 (SCN), 1575, 1386,
1350, 1097, 769, 727, 686, 619 cm™!; HRMS (ESI) m/z: calcd. for C1sH10CIN20S [M
+H]" 313.0197, found 313.0204.

3-([1,1'-Biphenyl]-4-yl)-5-phenyl-4-thiocyanatoisoxazole (3m)

Purified by column chromatography (PE/ Pr20 = 9/1, v/v), TLC Ry = 0.4, white solid
(28.0 mg, 79%), mp: 187-190 °C. '"H NMR (500 MHz, CDCl3) 6 8.10-8.08 (m, 2H),
7.96 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 7.68 (d, /= 7.0 Hz, 2H), 7.63-7.62
(m, 3H), 7.51-7.48 (m, 2H), 7.43-7.40 (m, 1H) ppm; *C NMR (126 MHz, CDCl3) ¢
173.8,163.8,143.7,140.0,132.1,129.3,129.1, 129.0, 128.1, 128.0, 127.8, 127.3, 125.6,
125.5, 109.6, 93.4 ppm; IR (KBr) 2848, 2351, 2154 (SCN), 1593, 1377, 736 cm™;
HRMS (ESI) m/z: calcd. for C22H1sN20S [M + H]" 355.0900, found 355.0904.

3-(Naphthalen-2-yl)-5-phenyl-4-thiocyanatoisoxazole (3n)

Purified by column chromatography (PE/ Pr20 = 9/1, v/v), TLC Ry = 0.4, white solid
(23.0 mg, 70%), mp: 163-165 °C. 'H NMR (500 MHz, CDCI3) § 8.41 (s, 1H), 8.12-
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8.10 (m, 2H), 8.04-7.99 (m, 2H), 7.95-7.92 (m, 2H), 7.64-7.59 (m, 5H) ppm; '*C NMR
(126 MHz, CDCls) 6 173.9, 164.1, 134.2, 133.0, 132.2, 129.3, 129.1, 129.0, 128.8,
128.1,127.9, 127.7, 127.0, 125.6, 125.2, 124.1, 109.6, 93.5 ppm; IR (KBr) 3057, 2918,
2358, 2341, 2158 (SCN), 1647, 1558, 1394, 750 cm™!; HRMS (ESI) m/z: calcd. for
C20H13N20S [M + H]* 329.0744, found 329.0746.

N’O
\ /)

SCN

3-Cyclohexyl-5-phenyl-4-thiocyanatoisoxazole (30)

Purified by column chromatography (PE/Pr20 = 15/1, v/v), TLC Rs= 0.4, colourless
oil (23.8 mg, 84%). 'H NMR (500 MHz, CDCl3) 6 8.02-8.00 (m, 2H), 7.58-7.56 (m,
3H), 2.98-2.92 (m, 1H), 2.11-2.08 (m, 2H), 1.94-1.90 (m, 2H), 1.82-1.78 (m, 1H), 1.74-
1.66 (m, 2H), 1.51-1.42 (m, 2H), 1.39-1.33 (m, 1H) ppm; '*C NMR (126 MHz, CDCl3)
0172.4,169.1,131.8, 129.2, 127.9, 125.8, 109.5, 92.9, 35.8, 31.2, 26.15, 25.8 ppm; IR
(KBr) 2929, 2852, 2351, 2158 (SCN), 1564, 1446, 688 cm™'; HRMS (ESI) m/z: caled.
for C16H17N20S [M + H]" 285.1057, found 285.1068.

3-Phenyl-4-thiocyanato-5-(p-tolyl)isoxazole (3p)

Purified by column chromatography (PE/ Pr20O = 9/1, v/v), TLC Ry = 0.5, white solid
(27.2 mg, 93%), mp: 137-139 °C. 'H NMR (500 MHz, CDCl3) 6 7.98 (d, J = 7.5 Hz,
2H), 7.85-7.84 (m, 2H), 7.58-7.56 (m, 3H), 7.40 (d, J= 8.0 Hz, 2H), 2.47 (s, 3H) ppm;
BC NMR (126 MHz, CDCl3) § 173.8, 164.1, 142.9, 130.7, 130.0, 129.1, 128.8, 127.9,
126.9, 122.8, 109.7, 92.6, 21.7 ppm; IR (KBr) 2954, 2924, 2848, 2362, 2322, 2158
(SCN), 1635, 1608, 1386, 1109 cm™'; HRMS (ESI) m/z: calcd. for C17H13N20S [M +
H]" 293.0744, found 293.0753.
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5-(4-(tert-Butyl)phenyl)-3-phenyl-4-thiocyanatoisoxazole (3q)

Purified by column chromatography (PE/ P20 = 10/1, v/v), TLC Ry = 0.4, white solid
(30.1 mg, 90%), mp: 133-135 °C. 'H NMR (500 MHz, CDCl3) 6 8.03 (d, J = 8.5 Hz,
2H), 7.86-7.85 (m, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.58-7.56 (m, 3H), 1.39 (s, 9H) ppm;
3C NMR (126 MHz, CDCl3) § 173.8, 164.1, 155.8, 130.7, 129.0, 128.8, 127.8, 126.9,
126.3, 122.8, 109.7, 92.6, 35.2, 31.1 ppm; IR (KBr) 2964, 2808, 2351, 2158 (SCN),
1608, 1573, 1381, 1269, 839, 721, 694 cm™'; HRMS (ESI) m/z: calcd. for C20H1oN20S
[M + H]" 335.1213, found 335.1216.

3-Phenyl-5-(4-propylphenyl)-4-thiocyanatoisoxazole (3r)

Purified by column chromatography (PE/Pr20 = 10/1, v/v), TLC Ry= 0.4, white solid
(29.5mg, 92%), mp: 140-142 °C. '"H NMR (500 MHz, CDCl3) 6 8.00 (d, J = 8.0 Hz,
2H), 7.86-7.84 (m, 2H), 7.58-7.55 (m, 3H), 7.40 (d, J= 8.0 Hz, 2H), 2.70 (t, /= 7.5 Hz,
2H), 1.75-1.68 (m, 2H), 0.99 (t, J = 7.5 Hz, 3H) ppm; *C NMR (126 MHz, CDCl3) &
173.8, 164.1, 147.5, 130.7, 129.4, 129.1, 128.8, 127.9, 126.9, 123.0, 109.7, 92.6, 38.0,
24.2,13.8 ppm; IR (KBr) 2960, 2935, 2349, 2158 (SCN), 1608, 1384, 1350, 1118, 694
cm !; HRMS (ESI) m/z: caled. for C1oH17N20S [M + H]" 321.1057, found 321.1070.

5-(4-Chlorophenyl)-3-phenyl-4-thiocyanatoisoxazole (3s)
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Purified by column chromatography (PE/ Pr20 = 9/1, v/v), TLC Ry = 0.5, white solid
(25.0 mg, 80%), mp: 167-169 °C. 'H NMR (500 MHz, CDCls) 6 8.05-8.02 (m, 2H),
7.85-7.83 (m, 2H), 7.60-7.56 (m, 5H) ppm; *C NMR (126 MHz, CDCl3) § 172.5, 164.2,
138.6,130.9, 129.7,129.2, 129.1, 128.7, 126.6, 124.0, 109.2, 93.8 ppm; IR (KBr) 2926,
2814, 2351, 2320, 2160 (SCN), 1597, 1487, 1381, 1093, 1014, 833, 732 cm™!; HRMS
(ESI) m/z: calcd. for C16H10CIN20S [M + H]* 313.0197, found 313.0204.

3-Phenyl-4-thiocyanato-5-(4-(trifluoromethyl)phenyl)isoxazole (3t)

Purified by column chromatography (PE/Pr.0 = 10/1, v/v), TLC Rr= 0.3, colourless
oil (21.8 mg, 63%). 'H NMR (500 MHz, CDCls) 6 8.21 (d, J = 8.0 Hz, 2H), 7.89-7.84
(m, 4H), 7.59-7.58 (m, 3H) ppm; *C NMR (126 MHz, CDCl3) 6 172.0, 164.3, 133.7
(q,J=32.8 Hz), 131.1, 129.2, 128.8, 128.4, 126.3 (q, J = 3.8 Hz), 123.5(q, J=173.4
Hz), 108.9, 95.1 ppm; '°F NMR (471 MHz, CDCI3) § -63.2 ppm; IR (KBr) 2937, 2818,
2160 (SCN), 1587, 1382, 1323, 1170, 1128, 1068, 1016, 846 cm™'; HRMS (ESI) m/z:
calcd. for C17H10F3N20S [M + H]" 347.0461, found 347.0466.
N,O
\

SCN

5-(tert-Butyl)-3-phenyl-4-thiocyanatoisoxazole (3u)

Purified by column chromatography (PE/Pr20 = 10/1, v/v), TLC Rs= 0.5, colourless
oil (22.5 mg, 87%). '"H NMR (500 MHz, CDCls) § 7.76-7.74 (m, 2H), 7.54-7.53 (m,
3H), 1.60 (s, 9H) ppm; *C NMR (126 MHz, CDCl3) 5 184.8, 164.2, 130.6, 129.0, 128.8,
127.0, 110.2, 92.8, 35.2, 28.4 ppm; IR (KBr) 2974, 2351, 2320, 2158 (SCN), 1589,
1541, 1384, 1276, 696 ¢cm™'; HRMS (ESI) m/z: calcd. for Ci14HisN2OS [M + H]"
259.0900, found 259.0907.
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3-Phenyl-4-thiocyanato-5-(thiophen-2-yl)isoxazole (3v)

Purified by column chromatography (PE/ Pr20 = 5/1, v/v), TLC Ry = 0.5, white solid
(19.6 mg, 69%), mp: 80-82 °C. 'H NMR (500 MHz, CDCI3) 6 8.00 (d, J= 3.5 Hz, 1H),
7.85-7.83 (m, 2H), 7.72 (d, J= 5.0 Hz, 1H), 7.57-7.54 (m, 3H), 7.28-7.26 (m, 1H) ppm;
BC NMR (126 MHz, CDCl3) 6 169.2, 163.7, 131.8, 130.9, 130.8, 129.1, 128.6, 128.3,
126.5, 126.4, 108.9, 91.3 ppm; IR (KBr) 3082, 2362, 2160 (SCN), 1575, 1413, 1386,
1109, 769, 729, 696, 524 cm™'; HRMS (ESI) m/z: caled. for C14HoN20S2 [M + H]*
285.0151, found 285.0162.

5. Gram Scale Reaction and Derivatization of Products

Gram Scale Reaction

N,OMe
0. 00 0
| § Y TiCly (0.2 eq)
O A + [\Ij -
O SCN CH2C|2, rt, Ar, 8h
1a, 4.50 mmol, 1.06g 2d, 6.75mmol, 2.39¢g 3a, 977mg, 78% yield

Under an argon atmosphere, a solution of 1a (1.06 g, 4.50 mmol) in anhydrous
DCM (45 mL) was charged into an oven-dried 100 mL round-bottom flask. TiCla
(89.91 pL, 0.90 mmol, 0.2 equiv) was added dropwise at ambient temperature,
followed by the addition of reagent 2d (2.39 g, 6.75 mmol, 1.5 equiv). The resulting
mixture was stirred at room temperature for 8 h (reaction progress monitored by
TLC). When the reaction was completed, the solvent was removed under reduced
pressure. Purification of the crude material by flash column chromatography on silica

gel (eluent: PE/Pr20) afforded product 3a (977 mg, 78% yield).

Derivatization of Products
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CsF(1.0 eq), Me3SiCF3(2.0 eq)
DMF, rt, 2h

3a 4, 53% yield

Under an argon atmosphere, substrate 3a (55.6 mg, 0.2 mmol, 1.0 equiv) was
dissolved in anhydrous DMF (2.0 mL) in a 25 mL reaction tube. To this solution, CsF
(30.4 mg, 0.2 mmol, 1.0 equiv) and Me3SiCF3 (56.8 mg, 0.4 mmol, 2.0 equiv) were
added successively. The reaction mixture was stirred at room temperature for 2 h
(reaction progress monitored by TLC). When the reaction was completed, the mixture
was extracted with dichloromethane. The combined organic extracts were washed with
brine, dried over anhydrous Na2SOs4, and concentrated under reduced pressure.
Purification by silica gel column chromatography (eluent: PE) afforded product 4 (34
mg, 53% yield).

3,5-diphenyl-4-((trifluoromethyl)thio)isoxazole (4)

Purified by column chromatography (PE), TLC Ry= 0.3, white solid (34 mg, 53%), mp:
112-114 °C. "H NMR (500 MHz, CDCl3) 6 8.17-8.15 (m, 2H), 7.86-7.84 (m, 2H), 7.56-
7.52 (m, 6H) ppm; *C NMR (126 MHz, CDCls) § 174.3, 165.2, 131.7, 130.3, 129.0,
128.8, 128.7, 128.6 (q, J = 312.5 Hz), 127.9, 127.6, 126.3, 95.2 ppm; '°F NMR (471
MHz, CDCls) 6 -43.0 ppm; IR (KBr) 2922, 2814, 2355, 2322, 1583, 1446, 1382, 1350,
1112, 765, 731cm™!; HRMS (ESI) m/z: calcd. for CisHnF3NOS [M + H]" 322.0508,
found 322.0520.
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NaNs5 (1.5 eq), ZnCl, (1.0 eq)

Ar, i-PrOH, 50°C, 12h

3a 5, 68% yield

Under an argon atmosphere, compound 3a (55.6 mg, 0.2 mmol) was dissolved in
anhydrous i-PrOH (6.0 mL) in an oven-dried 25 mL round-bottom flask. ZnCl> (27.3
mg, 0.2 mmol) and NaN3 (19.5 mg, 0.3 mmol) were added sequentially at room
temperature. The reaction mixture was gradually heated to 50°C and stirred for 12 h
(progress monitored by TLC). When the reaction was completed, the reaction was
quenched with H20 (6.0 mL) and extracted with EA (3 x 6 mL). The combined organic
layers were dried over anhydrous Na2SOs, filtered, and concentrated in vacuo.
Purification by flash column chromatography on silica gel (gradient elution:

CH2Cl2/MeOH = 3/1, v/v) afforded the desired product 5 (44 mg, 68% yield).

4-((1H-Tetrazol-5-yl)thio)-3,5-diphenylisoxazole (5)

Purified by column chromatography (CH2Cl/MeOH = 3/1, v/v), TLC Ry = 0.4, white
solid (44 mg, 68%). 'H NMR (500 MHz, C2DsSO) & 8.07-8.05 (m, 2H), 7.82-7.80 (m,
2H), 7.60-7.54 (m, 3H), 7.51-7.47 (m, 3H) ppm; '*C NMR (126 MHz, C2DsSO) § 172.3,
164.9, 155.7, 131.9, 130.7, 129.5, 129.2, 128.9, 128.1, 128.0, 126.7, 101.2 ppm; IR
(KBr) 2814, 2351, 2310, 1651, 1575, 1456, 1338 cm™'; HRMS (ESI) m/z: calcd. for
C16H12NsOS [M + H]" 322.0758, found 322.0769.

523



6. Single Crystal X-Ray Data for Compound 3j (CCDC 2486964)

Table S1 Single Crystal Data of 3

Compound 3j

Empirical formula Ci6HoCIN20S
Formula weight 312.76
Temperature/K 293.00

Crystal system monoclinic
Space group P2i/c

a/A 16.794(3)

b/A 11.032(2)

c/A 7.8875(17)

a/° 90

p/e 101.768(7)

v/° 90

Volume/A3 1430.7(5)

Z 4

Pealeg/cm’ 1.452

wmm! 0.411

F(000) 640.0

Crystal size/mm? 0.12 x 0.1 x 0.08
Radiation MoKa (A =0.71073)

20 range for data collection/°

Index ranges

Reflections collected

4.956 to 50.77
-20<h<20,-12<k<13,-8<1<9
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Independent reflections 2619 [Rint = 0.0401, Rsigma = 0.0362]

Data/restraints/parameters 2619/0/190
Goodness-of-fit on F? 1.052
Final R indexes [[>=2c ()] R1=0.0428, wR2=0.1330
Final R indexes [all data] R1=0.0600, wR2 =0.1494
Largest diff. peak/hole / e A 0.22/-0.31
CCDC 2486964
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8. Copies of '"H,"”C and 'F NMR Spectra

wry —

6vTL
9LEL
6LE L
16€°L
L6E°L
€0V°L
90¥°L
LO9°L
<I9°L
€79°L
979°L
S06°L
016°L
LI6°L
ST6'L

4

-OM
N e
1a

= =00°€

9

- =86°1

£1 (ppm)

91°¢€9 —

V6L —

0T’ 10T —

I8°1¢1
€591 /
9¥°8T1 /
LY"8T1
957671
IL°6T1
0T zel
9eel \
96°6¢1

-OM
N e

4

1a

(ppm)

1

526



LLES —
LOE'L
1Z€°L
SSE'L
S9E°L
0LE L ]
SLELA
I8€°L 1|
88€°L
p6EL -
80t°L
vob°L ] ﬁ
6LbL ]

p8sL |
88S°L
009°L 1
S68°L 1
006°L ]
906°L 1
bl6L”

=0°C

750°6
186'T
0°C

R0z

1 (ppm)

6LET—

very —

60T’ L
LYTL Y
T9€°L ]
0LE LA
E€LE LA
S8E"L A

vm—&@

88¢€°L

86€°L
66S°L
€09°L ]
P19°L ]
819°L A

|

06L°L g
908°L

N,OI‘\:‘Ie

e

4

1b

*0°E

=00°¢

“00°T
o€
861
86°1

1 (ppm)

S27



vy8°€ —
vIiLry —

7169 |
L1691
9769 1
0£6°9 1
LST'L
SLEL
8LEL
98¢€°L |
06€°L ;
S6E°L Y

109°L W
909°L
609°L ]
€19°L ]
L19°L ]
079°L ]
9€8°L |
8L
9p8°L
958°L
098°L |
99g°L

—_ =

N,OMe

/4

MeO

e

=00°¢
=96'C

=0T
0°¢
*86°T
F00°C

£1 (ppm)

8TIY
L90°L
ILO°L
080°L
¥80°L
880°L
L60°L
wrL
STL
9¢°L
99¢°L
89¢€°L ]
ILEL 1
SLE'L
08€°L |
€8€°L 1
98¢€°L {
16€°L
v6E L
L6E'LA
10¥°L
SOP°L A
OTH LA

L’

86S°L |
709°L
L09°L ]
119°L
S19°L
819°L 1

_—

S88°L 1
S68°L ]
206°L ]
€16L"

_OMe
N

V4

1d

=00°¢

"66'1
20°€
66T
+86°'T

1 (ppm)

S28



0L’y —

LYTLy
Ss€L |
6S€°L 1
69€°L |
TLEL
8LE L
I8€°L
68€°L 1
T6E'L
96€"L A
66€°L

S6S°L ﬁ
66S°L V
€09°L 7}
809°L ] ﬁ
9L

P19°L |
cesL ]
6€8°L 1
€L ]
7s8L]
9s8°L |
198°L "

-OM
N e

1e

Cl

e

=00°¢€

£S0°S
=66°1
=0T

1 (ppm)

I€T¥
STL
£9€°L
89€°L
wEL
1S€°L
S8E°L
LSE'L
T6€°L
96€°L
00¥°L |
£€0V°L |
LOV'L 1
L
PIbL |
9TH'L 1|
60S°L |
PIS'L 1
S8IS°'L 1
8TS'L Y
TES'L
LES'LA
S65°L A
86S°L ]
€09°L
809°L
oL

1oL |
€LLL
LLLLT
98L°L ]

o6LL’

V4

N’OMe

1f

Br

= T00°€

00°€
266°T
20T

0°¢

1 (ppm)

529



Lory —

PSTL
SLE'L
08€°L |
P6E'L |
80b°L |

/4

-OM
N e

1g

FsC

00°¢

1 (ppm)

9€S°T —

wry —

YT LA
8ET'LA
PST'LA
ELTLT
LLTLY
L8T'LA
16T°L Y
TEELA
seeL ]
LYEL] ﬁ
IS€L ]

pseL]
STS'L]
6zs'L]
€€S°L |
wsL]
ppsL’

-OM
N e

4

1h

e

=10°€

=00°¢

1 (ppm)

S30



088°€ |
8II'Y |
856'9
056'9
¥96'9
9969
SL6'9
LL6'9
066'9
766'9
S00°L
LOO'L
8FT'L
pTeL
STEL
8z€'L |
TEEL
SEEL
6€€°L1
€PEL |
SPE'LA
SSE°LA
0LE L
TLELA
€LEL A
SLY'L A\
8h°L \ﬁ
€6v°L ]
LevL]
€15°L]
9IS°L
12S°L ]
ves L]
LTSL
67s°L ]
T€S'L
SES'L

.OMe

OMe N

V4

W =00°¢

= T00°¢

7h0°C
10°v

= mwo.ﬂ
6'1

1 (ppm)

wry —

1STL
S0€°L |
80€°L |
0TEL |
£TEL
LTEL]
SEE°L
hEL
LVEL
ISEL
9S€°L A
89€°L
SEP LA
8Eb°L
0S¥°L
£stL ]
zes'L]
LTS'L
SES L
8€S°L |
wsL
8bsL |
ISS'L

YSS'L

N,OMe

Cl

4

1j

=00°¢

JE0°S
700°1

Y66z

1 (ppm)

S31



86€°71
LET'Y
861°L
0TL
€1TL
LITL
1ZTL
SPT'L
9LT'L
16T°L
90€°L
8S€°L
19€°L
POEL
LOE'L
0LEL
SLEL
LLEL]
6LEL ]
£€8€°L |
98€°L |
06€°L 1
P6E°L
96€°L 1
0L |
POV'L |
S09°L 1
019°LA
YI9°L A
919°L ]
819°L
129°L ]
szo°L]
00L'L |
8ILL]
TTL L]

€L L?

4

N,OMe

1k

;e

=00°¢

=00°¢

101
2701

Mcum
Yooz

1 (ppm)

9T 1
6ITL
01EL
STEL
6€€°L
WL
SPE'L
SSE'L
8SE°L
79¢°L
89€°L |
ILEL]
PLEL T
ISE°L |
¥8EL |
$8€°L |
S6S°L 1
009°L |
£09°L |
809°L
119°L A
ST9°LA
SLL'L
18L°L ]
v8LL
voL L]
L6L'L ]
008°L |
€06°L

\

906°L |
oreL’

.OM
N e

7

Cl

11

— T00°¢

LS
00T
Z10°1
“$6°0

1 (ppm)

S32



9ST'¥
9€TL

09¢°L

€9€°L

LEL

SLE'L

LLEL

08€L

v8EL

T6€°L

S6¢°L
66€°L 1
EEP"L |
9EP"L |
9L 1
6b¥L
09%°L |
YOv'L ]
609°L |
T19°L A
YI9°L
€79°L A
979°L "
879°L
9€9°L ]
6£9°L 1
£v9°L |
8L6°L ]
786°L
166°L |

f

s66°L’

.OM
N e

=00°¢

ﬂm.m
0°C

09
0T

1 (ppm)

€81°%
STTL
YLEL
LLE'L
8€°L
S8EL
76€°L
S6E°L
L6EL
SOV'L
LOV'L
€IY'L
9IPL
€LY'L g
08+°L |
L8Y°L |
£6v°L |
661°L |
LOS"L
LS9"LA
€99°L |
L99"L |
€L9°L |
LLYLA
8I8°L
978°L
S€8°L
688°L 7
S68°L
106°L ]
806°L 1
650°8 |

€908
LLO'S |
0808 |
we'g!

.OM
N e

4

in

=00°¢

foe
*00°C
270°

o
H/ 01

16°0

1 (ppm)

S33



20711
LTTTA
80€°T 1
PIET
12€°1 1
€€ET
oreE T %
LPE T
1851 =
66¥°'1 7
90s°1 ]
yTsT
1€S°T |
v89°1 ]
169°1
60L°T |
€1LT ]
LLL v
88L°1 |
veL 1]
1081
9081

178°1

8781

S98°'1

8981

UL8'T

9.8'1

168°1

S68°T

6681

€06°1

01T

196°€ If
Xk |
pheL ]
8PEL |
zseL ]
95€°L 1
0ZS°L 1
STSL ]
€€5°L |
9€s°L |
ovs'L’

.OMe
N

V4

10

10°1
w\g&
Mot
T00°1

(132

Hsgo

=00°¢

FI10'€
*00'C

1 (ppm)

8T

9€T'Y —

9LT'Ln
61°L 1
ISTL Y
LSEL
T6€°L
L6EL |
66€°L Y
1ov°L |
10S°L
S0S°L
€IS'L
LIS'L
206°L ]
906°L
716L ]
pI6°L ]
LI6L
616°L]
6L’

N,OMe

74

1p

=00°¢

=00°¢

=00
By (5

0T
*56°1

1 (ppm)

S34



e’ —

Iery —

€€T'L
08€°L |
€8€°L |
S8EL ]
06€°L ]
T6€°L |
P6EL |
00t°L
PES'L
8€SL A
s L
ISS'L A
SSSL

S06°L ]
606°L ]
S16L ]
L16°L
026°L |
6L
sT6L’

—

-OM
N e

V4

1q

=+0°6

= =00°¢

b0's
Moz
270'T

1 (ppm)

6060
£€76°0 W
8€6°0
°6S°’1
L09°L V
1729°1
LEI'I
s9°1
L99°1
LS'T
L8S'T
09°C

STy —

6ST°L1
9LI'L
€1T°L |
p9E°L 1
LOE"L ]
LELT
LLE'L]
€8€°L |
8L
6eL
S6€°L ]
T1S°L
sis°L] ﬁ
sts'L]

87sL ]
L06°L ]
6L
816°L 1
126°L
€76°L ]
LT6°L”

.OM
N e

4

1r

0°¢

1T

90°C

=00°¢

1 (ppm)

S35



o€’y —

STTL
TTE LA
LTE LA
I€€°L ]
0bEL
PrEL |
6VE°LA
I8€°L A
98€°L
T6€°L
s6€L ]
€IS°L
LIS'L]
9zs°L |
0€s'L
8L8'L
€88°L -
888°L |
168°L ]
868°L "

L A

Cl

4

.OM
N e
1s

U

=00°¢

A0°T
266°C

0z
"86'1

1 (ppm)

N,OMe

/4

CF3

1t

iy —

LTTL
S8¢°L
€6€°L
86¢€°L
90¥°L
<19°L
679°L
069°L
90L°L
988°L
168°L
668°L
906°L

=00°¢

/90°€
/€0
Moz

66T

1 (ppm)

S36



L9E'T —

190°v —

SITL
oveEL
SveL
6vEL
IseL
vseL
LIS'L
8L
678°L
LES'L

.OMe
N

A

4

1u

=06

=00°¢

1 (ppm)

veEL'Y —

PEO"LA
I¥0°L |
PH0"L
TS0°L T
EPTL |
L8EL
06€°L
seeL
00t°L
pob-L |
0zrL]
L] ﬁ
LTYL A

st
L98°L |
UL8'L
SLS'L
088°L |
L88°L

=00°¢

860
L6'€
10°1

6T

1 (ppm)

S37



0ST'L
L9S'L 1
0LS"L ]
SLSL
08S°L 1
68S°L 1|
86S°L
209°L

809
¥66°T
=00°C

1 (ppm)

6L9L
YO'LL W
0€°LL

8€°€6 —

7S°601 —
09°sT1
LL9TT

<0°8¢1 /
SL'8TI
L0"6T1
LT6T1

08°0¢T
0r-zer

(15415

99°€LT —

(ppm)

f1

S38



19" —

SSTL
0LE L
S8€°L
06S°L
86S°L
W09°L
809°L
€19°L
SYL'L
19L°L
850°8
¥90°8
L90°8
€L0°8
8L0°8

3b

=00°€

*86°1
o€
AL6°T
1961

£1 (ppm)

€S1T—

8L9L
€0°LL W
6T LL

0€°€6 —

197601
S8°€TI
89°STI
€0°8T1
09°8T1
ST6TI
6L°671 w
$0°ZEL

il —

LOVIT —

8S°ELT —

3b

(ppm)

f1

S39



L68°€ —

9LO°L
£€60°L
LST'L
L6S°L
109°L
L09°L
119°L
S8I8'L 7
SE8’L \
s0'8
650°8
990°8
0L0°8

3c

MeO

F66°1

0°¢
F€0°C
0T

£1 (ppm)

SP°SS —

08°9L
SO°LL V
T€LL

61°€6 —

L9601
8SHI1

£0°611

eLsTr |
mc.wﬁ/
97671\
810€1 7,
vozer !

79191 ~
L9°€91

T19°€LT —

3c

MeO

I\

(ppm)

f1

540



ySTL
LST'L
69T'L
WL
98s°L
68S°'L
P6S'L
L6S'L
LO9'L
SI19°L
619°L
€29°L |
879°L |
oL
S+9°L
L¥8'L
7S8°L1
958°L 1
€98°L |
998°L |
0L8°L
€L8LA
088°L
¥88°L
006°L
606°L ]
1S0°8 |
S0°8 |
090°8
990°S |
0L0°8 |

f

——

vL0°8’

3d

1 (ppm)

6L9L
YO'LL V
6T LL

9T°¢€6 —

LE601
0€911
8¥911
68°CCI
[ x4t
6¥°'STI /
€0°8CI1 \
T1€°6CI —
08°0¢T
L80ET
1T°TEl

ST'E91
1€°¢91
sl /

P8 ELT —

3d

(ppm)

f1

S41



€8°801- —

3d

T T T T T
-60 -70 -80 90 100 110 -120 130 —140 —150

—50

T
—40

(ppm)

f1

9ST'L
IbSL
9pSL
0SS°'L
6SS°L
€95°L
895°L
v8SL
88S°L
16S°L
S6S°L
66S°L
S09°L
809°L
€19°L ]
819°L |
029°L |
879°L 1
1€9°L 1
I$9°L ]
PH9"L
LYO'L
708°L 1
LOS"LA
TI8°L
0Z8'L
PIsL “
678°L

6+0'8
$50°8
650°8 |
190°8 |
$90°8 |
8908 |
vL0'8’

3e

(¢]]

61
0€
66T
%00z

£1 (ppm)

S42



18°9L
LO°LL V
TELL

LT€6 —

1€°601 —

9T°stl
SP°STl
90°8C1 \
re6tl
8¥°6C1 N
0°0¢T

LTeel
LTLEL

LT°€9T —

S6°ELT —

SCN

3e

Cl

110

140

80 70 60 50 40 30 20 10

90

f1

100

120

130

160 150

170

(ppm)

LST'L
06S°L
€65°L
L6S'L
109°L
L09°L
019°L
919°L
079°L
€29°L |
0€9°L |
PE9°L |
€99°L 1
Ly9°L ]
€0L°L
LOL'LA
TIL'L
6IL LA
pTLLA
8TL'LA
LEL'L]
ovL L
spLL]
€SLL
ssLL]
0508
SS0'8
790°8 ]
9908

690°8 "

3f

Br

L 20'¢

H/mc.v

- =00°¢

£1 (ppm)

543



8L°9L
€0°LL V
6T°LL

1T°¢€6 —

LT60T —
I¥'STI
09°SsT1
69°STI
€0°8TI ~
Nm.mﬁw
61°0€T
STTET
wTel

€TE91 —

96°€LT —

3f

Br

(ppm)

f1

9ST'L
809°L |
TI9°L
619°L1
9L
879°L 1
€€9'L |
€59°L

919°L F
IP8'L~
LS8Lt
866°L ﬁ
v10°8
990°8
1L0°8
8L0°8
780°8 |
$80'8’

FsC

L 90°¢

) £0°T

200°C

H/mc.N

1 (ppm)

S44



6L'9L
vO°'LL V
0€°LL

8€°€6

SI'601 7
ProzI |
p9°TTL |
18921 |
1€°ST1 |
S0°9T1 |
80°971
11971 Y
P9z -
00°L21
90°871
17621 |
8€°671 |
9£°081 |
8€°TET |
¥9°TET |
06°Z€T |
E.Qi\
90°€91

—

LI'PLY —

Fs;C

T T
120 110 100

130

T
140

(ppm)

f1

96°79- —

FiC

(ppm)

f1

545



8S€°C —

ySTL
0LEL
€LEL
€8€°L
LSE'L
96€°L
66€°L
LYY L
ISPL |
19%°L ]
ST
99¢°L |
L6S"L T
009°L |
$09°L |
LO9"L ]
YI9°L |
819°L |
779°LA
979°L "
€€9°L
€608
LOT'8A
011’8
s
v |
LIT'S
€718
LTI
SET'8 ]
6£1°8

——

N P

=00°¢

P0°€E
ST

M/mo.m

=861

£1 (ppm)

€0°07 —

08°9L
SO°LL V
I1€LL

w86 —

$0°601 —
99°S71
86°STI
9L
68°LTI
TE6T1 ¢
Tr0EL
£5°0€T
98°0€1
[ARAA
PO LET

8¢€°S9T —

SS'TLT —

1 (ppm)

546



016°€ —

990°L |
€80°L |
SOr°L |
0Z1°L
SEIL
SSTL
86+"L 1
E1S°L ]
€€5°L |
0SS°L |
L9S'L ]
16S°L %
965°L
09L&
1oL’
o1r's
SII'8
AR
671°8

00°¢

Moz
0'Z
0°€

£00°C

1 (ppm)

6S°SS —

18°9L
90°LL W
CELL

£€8°S6 —

cw.iz/
0L LLI

E.m:W
0r'IZI

nw.mﬁ/
mw.\.ﬁ/
€T6TI\
1TIEL
mw.:%

0S°T€EL

wa.bmﬁ\
TLE9L
€6°IL1 \

1 (ppm)

547



LYTL
WL
LSHL
ILY'L
90s°'L
01SL
ws'L
STSL
£€5°L |
LESL
IbS'L ]
8bS°L |
ISS'L ]
0LS'L |
985°L 1
P6SL
L6SLA
£€09°L
809°L”/
s
81T°8
971'8
0€1°8

0’1
fioe
6°€

00°C

1 (ppm)

18°9L
LO°LL V
CELL

9¢€°S6 —

S6°801 —
SP°STI
70'9T1
LT
6L°LTT
0€°6CI ~
80°0¢T I
SLIET
90°TEl
9I°CET
LLEET

96°€91 —

LY TLT —

1 (ppm)

S48



0LY'T—

€STL ]
LLEL
T6€°L |
PrbL
TSY'L
09%°L |
9LY'L
06S°L ]
865°L |
209°L 1
809°L
TI9°L A
079°L
6€9°L )
WL
Lyo°L]
TS9°L
959°L |
€908
890°S |
1L0°8 ]
8L0°8 ]
780°8’

— =00°€

1 (ppm)

6V 1T —

18°9L
LO°LL V
CELL

wee —

€9°601 —
L9°STI
S8°STI
€991
SO'8TI "
L6°8T1
877671
8€°6C1
09°I€1
0r-zer
96'8€1

(4% 2]

09°€LT —

1 (ppm)

549



9sT'L
T08°L
8IS'L
£E€S°L
LyS'L
0sS°L
pSS'L
£95°L
L9SL
0LS'L
L6SL
009°L
L09°L
019°L |
SI9°L |
619°L ]
TT9°L ]
679°L
£€9°L 1
SSL'L
8SL'L
T9L°L 1
OLL'LA
ELLLA

9LL’L

Lb8'L
IS8°L ]
SS8'L
$50°8
650°8
#90°8 |
L90°8 |
1L0°8 ]

=

vL0°8’

Cl

' f

HJM\w

— 3

lo

6’1
0°€
(I
6°0
0°C

1 (ppm)

8°9L
LOLLT
CELL \

SE€6 —

17601 —
oy'scl
887971
90°8C1
LY'8TI
18°8C1 N
se6cl
woel
00°I€T
0€°CET
9I°SET

66791 —

LO6'ELT —

Cl

1 (ppm)

S50



9ST'L
86€°L |
€IVL
LTV'L]
8Y°L
L6V'L ]
qusLy
919°L |
619°L Y
979°L Y
0€9°L
899°L 7
789°L
poLL]
s
Lb6°L ]
$96°L |
#80°8 |
160°8 |
8608 |

— =

zo1°8’

1 (ppm)

LL'9L
€0°LL V
8TLL

ree6 —

85601 —
8S°STI
79°sT1
STLTL /
9LLTI N
S0°8T1
L0°8TI
66°8C1
yI6cI
0€°6cl
€Ieel
vo'ovi
99°¢v1
8°€91 —

I8°€LT —

1 (ppm)

S51



SST'L
88S°L
T6S°L
L6S'L
09°L
L09"L
T19°L
919°L
079°L
€29°L
679°L
vE9'L
8€9°L
oL
916°L ]
616°L 1
626°L |
€€6°L |
9€6°L 1
Yr6°L ]
846°L 1
T66°L |
966°L |
0108
LT0°8 1
v10°8
S60°8 7|
L60°8 ]
660'8 |
018 ]

$01°8
011'8
ST |
soy's

€0°S
861
£€0°C
661
200°1

1 (ppm)

6L 9L
SO°LL V
0€°LL

YS€6 —

09°601
YIPLI A
yT STl

POSTI |
L6'9TT
TLLTIN
T6°LTT
01'8T1
78°8T1 ]
10°671 |
1621
€61 ]
91°CET
€0°EET
w:mi\
ST'PIT

S8 ELT —

=T

3n

J\

1 (ppm)

552



LEET
€9€°1 |
88€°T |
6THT ]
L¥b'T
pSHT |
1991 1
ELYT
08H°1
L8V T
s0s°1
189°1
889°1
90L°1 |
EILT |
PSL'T |
z6L°1]
018°1 ]
EI8° |
868°1 |
$06°1 ]
2161 ]
bT6'l
7€6°T
6£6°1
180°C
L80°T
060°C
601°T
€76°C
6£6'C
96T
£56'C
0L6C \
09T'L

79S°L ]
995°L ]
€Ls°L]
LesL]
866°L 1
£€00°8 -
L00'8
€10°8 |
L10°8’

_—

10°'T
560°C
7/80°C
0T
w/mod

0°C

Foo'r

F66'C

ES6'1

£1 (ppm)

LL'ST~
SI'97
srie’
LL'SE”

8L°9L
YO'LL V
6T 'LL

16°C6 —

0S°60T —

8L'STI
88" LTI~
816717,
perer/

01°69T ~
6€°TLL —

S53

1 (ppm)




wUV'T—

€STL
v6t'L
0Iv'L
ws°L
0LS’L
9LS'L
SE8’L
ws'L
6¥8°L
YS8'L
696°L
Y86°L

R

—

00°¢

66'1
F66°C
00T
Bs6'1

£1 (ppm)

0L 1T —

8L°9L
€0°LL V
6TLL

19°C6 —

L9°60T —
¥8°TCI
88°971
T6°LTL
9L°8TI
S0°6ZL F
86°671
vLOST
98°THI —

TIvor —

€8°€LT —

1 (ppm)

S54



Tee'1 —

wsTLy
pOS°L |
1LS'L |
9LS"L A
€19°L
0£9°L |
SH8'L

TS8°L y
sssL
6s8°L]
yog°L ]
L10°8 ]
v€0°8

=00°6

B

; £6'T

00T
_ 00T
"86'1

1 (ppm)

80°1€ —
8I°SE€ —

8L°9L
YO'LL V
6TLL

Y976 —

IL°601 —
LLTTI
LT9T1
887971
I8 LTI~

9L°8T1
Y061 \

€LOET

€8°SST —

60°v91 —

I8°€LT —

1 (ppm)

S55



0ST'L
Y6EL |
0I¥'L ]
0SS°L ]
PSS'L
095°L
L9S'L Y

ws'L|
08s°L
SE8'L
8€8°L
V8L
ShSL]
8v8°L |
7S8°L
LSS'L
686°L |
$00'8

80°¢

17

0°C

#€0°C
€0°¢
0T
00°C

1 (ppm)

SL°ET —

0Tve —

€0°8¢ —

6L°9L
SO°LL W
0€°LL

85°C6 —

0L°60T —
Y0"€T1
88971
T6°LTT
SL'8TI L
0r°62CI
LE6TI
€LOET

IS°LYI —

60°v9T —

V8 ELT —

1 (ppm)

S56



9ST'L
£95°L |
996°L |
ILS'L
SLS'LT
I8S°L ]
S8S'L
£65°L 1
s6s°L |
€09°L

sz8°L b
I€8°L V
pe]L

8L ﬁ
spg'L ]
610°8 1
v20'8 |
870°8 |
LEO'S |
140°8 |
9508 -

ESO0°S
=86’
00°C

1 (ppm)

8L°9L
YO'LL V
6T LL

SL'€6 —

61°601 —

66°€CI
S§S°971 /
mn.wuay
(4414}
177671

IL°6C1
~@.=m~\
09°8¢1

wTyor —

8P TLT —

Cl

1 (ppm)

S57



SSTL
T8S°L /
v6S°L
Iv8L
€S8°L
IL8°L
L8S°L
0T'8 \

8IT'8

CF3

£1 (ppm)

08°9L
90°LL W
1€LL

rse —

16°801
07021 |
8€°TTI |
SSHTI Y
67921
9T\
SE'971
6€971 7
71921
€4°871
9,821 |
61°62CI -
SO'IET ]
6T EE |
96°€€T |
78°€€1
60°FEL
cm.vﬁ\
86°ILT

Sy —

CF3

1 (ppm)

S58



91°€9- —

CF;

1 (ppm)

86S°1

8ST'L
SES'L
YysL
€VL'L
ISL°L
6SL’L

|
I

=00°6

90°€
+0°C

1 (ppm)

S59



vy'8C —
8I°S€ —

6L'9L
SO°LL V
0€°LL

18°C6 —

SI'OIT —

ca.cﬁ /
€8°8T1 \
S6'8TI w
95°0€T

€TYIL —

9L P8I —

1 (ppm)

SYT'L
9T°L
LTLA
087'L
PrSL
TSS'LA
SSS°L 1
79S°L A
9957/
€LS'L
TiLL]
1eLL]
678'L ]
9¢8°L |
€p8°L |
SP8'L 1
0008 |

S~

L00°8’

J00°T
u\vc.m

) 60

*€0'C
001

1 (ppm)

S60



08°9L
90°LL V
1€LL

ve1e —

76°801 —

6€°971
75971
£€°8T1
£9°871
LO6TL
6L°0ET
S8 0€1
SLIEL

69°€91 —
Y691 —

1 (ppm)

0STL
SIS'L
1cs°L
STS'L
€ES'L
€VS'L
vSSL
LSS'L
8€8°L ¢
SY8°'L
S8°L
LSS'L
I8
IST'8
91°8
S91°8

509
0T
00T

1 (ppm)

S61



6L'9L
vO°'LL W
6TLL

18871 f
S6°871
¥8'671 |
6T°0€1 |
mfmi
TETEL

1TS91 —

STYLI —

SCF;

110

10

80 70 60 50 40 30 20

90

f1

100

170 160 150 140 130 120

80

(ppm)

vo'ev- —

-120 —130

-110

—100

(ppm)

f1

562



Y0s'T —

PLY'LY
8LYL |
68H°L |
96b°L |
00S°L 1
01S°L1
LES'L
€PSL
SSS°L Y
695°L
785°L
€6S°L
L6S'L )
66L°L]
€08°L ]
SIS'L %
618'L

$S0°8 |
650°8 |
0L0°8 ]

—_—

€L0°8’

$00°€
“pore
"0z
00T

1 (ppm)

II'1oI —

89971
00°8CI
11°8¢1
88°8TI
SI°67T1
vs'6Tl
IL°0€1
S8°IET

prsst”/
76'791 ~
LTTLIA

(ppm)

f1

S63



~139.12
~134.31

,129.32
~127.79
—110.53

0.1 mol NTSI + 0.1 mol TiCl,

J CISCN
k I

| ) dodi o |

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

S64



