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1. General information

'H NMR and *C NMR spectra were recorded on a Varian Mercury-400 Plus or Agilent
Technologies DD2 (600 MHz) spectrometers in CDCl3;, DMSO-dgs or CD30D. Chemical shifts (8)
for NMR were quoted in ppm relative to the solvent peak (7.26 ppm for *H and 77.16 ppm for **C
in CDCl3, 2.49 ppm for *H and 39.5 ppm for **C in DMSO-ds, 3.31 ppm for *H and 49.00 ppm for
3C in CD,0D). High-resolution mass spectra (HRMS) were reported from Agilent QTOF 7200
(CI) or Bruker Daltonics APEXII 47e FT-ICR (ESI). Melting points were measured on an XT4A
apparatus (uncorrected). Thin-layer chromatography (TLC) analysis of reaction mixtures was
performed using commercial silica gel plates (GF254) which were visualized by UV irradiation at
254-360 nm. Unless otherwise indicated, all reagents were purchased from commercial suppliers
and used without further purification. Enone 4a used in the control experiments was prepared

according to literature method.™
2. Experimental Procedures

2.1 General procedure for a-methoxymethylation of ketones
CoCl,*6H,0 (1 mol %) O
0 Cs,CO3 (2 equiv) R2
. 1
R\ Re _TBHP (15equv) R
MeOH, 65 °C OMe
3a-3v

1a-1v

CoCl,-6H,0 (1.2 mg, 0.005 mmol, 1 mol%), Cs,CO;3 (325.8 mg, 1.0 mmol, 2 equiv), MeOH
(3 mL) and ketone 1 (0.5 mmol) were sequentially added into a 25 mL Schleck tube. Then TBHP
(70 wt% in H,0) (104 i, 0.75 mmol, 1.5 equiv) was added to the stirred reaction system. The
reaction mixture was stirred at 65 T until the reaction was complete (monitored by TLC). The
reaction solution was cooled at room temperature and quenched with water (2 mL), extracted with
CH,CI, (3>6 mL). The combined organic phase was dried over anhydrous MgSQO;,, filtrated and
concentrated under reduced pressure. The crude product was purified by column chromatography

on silica gel (PE : EtOAc = 20:1-10:1) to afford the pure products 3.

2.2 General procedure for one-pot a-aminomethylation of ketones with methanol and

N-nucleophiles
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R R®
CoCly*6H,0 (3 mol %)

]

o Cs,CO3 (2 equiv) OMe then add )
JJ\/Rz TBHP (1.5 equiv) y HNu (1.2 equiv) R R
R’ MeOH, 65 °C 65°C
1 o) Nu

o 5

CoCl,-6H,0 (1.2 mg, 0.005 mmol, 1 mol%), Cs,CO;3 (325.8 mg, 1.0 mmol, 2 equiv), MeOH
(3 mL) and ketone 1 (0.5 mmol) were sequentially added into a 25 mL Schleck tube. Then TBHP
(70 wt% in H,0) (104 i, 0.75 mmol, 1.5 equiv) was added to the stirred reaction system. The
reaction mixture was stirred at 65 <C until first step reaction was complete (monitored by TLC).
The reaction solution was cooled at room temperature and N-nucleophile (0.6 mmol, 1.2 equiv)
was added. The mixture was stirred at 65 <C until second step reaction was complete (monitored
by TLC). The reaction solution was cooled at room temperature and quenched with saturated brine
(2 mL), extracted with EtOAc (3>6 mL). The combined organic phase was dried over anhydrous
Na,SQ,, filtrated and concentrated under reduced pressure. The crude product was purified by

column chromatography on silica gel (PE : EtOAc = 20:1-5:1) to afford the pure products 5.

2.3 Procedure for gram-scale methoxymethylation of ketone la

CoCly+*6H,0 (0.3 mol %) o
1) C32CO(3 (2 equivg
TBHP (1.5 equiv Ph
+ MeOH
Ph)l\/ 65°C, 1h
60 mL OMe
1a 3a
10 mmol, 1.34 g 1.33 9, 75%

CoCl,-6H,0 (7.1 mg, 0.03 mmol, 0.3 mol%), Cs,CO; (6.52 g, 20 mmol, 2 equiv), MeOH
(60 mL) and ketone 1a (1.34 g, 10 mmol) were sequentially added into a 200 mL round-bottom
flask. Then TBHP (70 wt% in H,O) (2.1 mL, 15 mmol, 1.5 equiv) was added to the stirred
reaction system. The reaction mixture was stirred at 65 <C for 1 h. The reaction solution was
cooled at room temperature and quenched with saturated brine (20 mL), extracted with CH,CI,
(3>30 mL). The combined organic phase was dried over anhydrous MgSO,, filtrated and
concentrated under reduced pressure. The crude product was purified by column chromatography

on silica gel (PE : EtOAc = 20:1) to afford the pure product 3a (1.33 g, 75%).

2.4 Procedure for experiments showing equilibrium between enone 4a and

methoxymethylated product 3a
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O O

C82003
+ CD3;OD =———— D
OCDs

4a 3ad4a=7:1 3a

Cs,C03(97.8 mg, 0.30 mmol, 2 equiv) and 3a (26.8 mg, 0.15 mmol), Cs,CO5(97.8 mg, 0.30
mmol, 2 equiv) and 4a (21.9 mg, 0.15 mmol) were dissolved in CD3;0OD (1 mL), respectively.
After Cs,CO3 was completely dissolved, the two solutions were separately transferred to NMR
tubes without further treatment, and detected by 'H NMR. Analysis of the "H NMR spectra

showed that the ratio of 3a : 4a was 7:1 in both cases.
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2.5 Procedure for investigation of the effects of the reagents on the a-aminomethylation of
ketones

o 0
Ph + | '\ Cs2C0s (2 equiv) Ph)J\( (1
Z .
N MeOH, 65 °C, 6 h N\
OMe ll\l\
3a 5aa, 86%

Cs,CO3 (228.1 mg, 0.70 mmol, 2 equiv), pyrazole (28.6 mg, 0.42 mmol, 1.2 equiv), 3a (61.9
mg, 0.35 mmol) and MeOH (2 mL) were sequentially added into a 25 mL Schleck tube. The
reaction mixture was stirred at 65 <C for 6 h. The reaction mixture was cooled at room
temperature and quenched with saturated brine (2 mL), extracted with EtOAc (3>6 mL). The
combined organic phase was dried over anhydrous Na,SO,, filtrated and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (PE :

EtOAc = 10:1) to afford the pure product 5aa (62.8 mg, 86%).

o 0
{/ W\ Cs,CO;3(2equiv)  ph
Ph + N'N — )
MeCN, 65 °C, 6 h
H NN
OMe ll\l\

3a 5aa, 69%

Cs,C0O3 (221.5 mg, 0.68 mmol, 2 equiv), pyrazole (27.8 mg, 0.41 mmol, 1.2 equiv), 3a (60.6

mg, 0.34 mmol) and MeCN (2 mL) were sequentially added into a 25 mL Schleck tube. The
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reaction mixture was stirred at 65 <C for 6 h. The reaction mixture was cooled at room
temperature and quenched with saturated brine (2 mL), extracted with EtOAc (3>6 mL). The
combined organic phase was dried over anhydrous Na,SO,, filtrated and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (PE :

EtOAc = 10:1) to afford the pure product 5aa (50.4 mg, 69%).

2.6 Experimental procedure for synthesis of 5ae

(0]
O
Ny Cs,CO3 (2 equiv
Ph + @[\,N L), Ph)K( (3)
H MeOH, 65 °C, 6 h N
OMe N=
3a 5ae, 79%

Cs,C03 (195.8 mg, 0.60 mmol, 2 equiv), indazole (42.5 mg, 0.36 mmol, 1.2 equiv), 3a (53.5
mg, 0.30 mmol) and MeOH (2 mL) were sequentially added into a 25 mL Schleck tube. The
reaction mixture was stirred at 65 <C for 6 h. The reaction mixture was cooled at room
temperature and quenched with saturated brine (2 mL), extracted with EtOAc (3> mL). The
combined organic phase was dried over anhydrous Na,SO,, filtrated and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (PE :

EtOAc = 10:1) to afford the pure product 5ae (62.6 mg, 79%).

2.7 Experimental procedure for synthesis of 5af
CN

0
Cs,CO;5 (2 equiv) Ph)K(
Ph + —_— (4)
MeOH, 65 °C, 6 h N
OMe =
3a 5af, 54%

CN

Iz />>\

Cs,CO3 (195.5 mg, 0.60 mmol, 2 equiv), 3-cyanoindole (51.2 mg, 0.36 mmol, 1.2 equiv), 3a
(53.5 mg, 0.30 mmol) and MeOH (2 mL) were sequentially added into a 25 mL Schleck tube. The
reaction mixture was stirred at 65 <C for 6 h. The reaction mixture was cooled at room
temperature and quenched with saturated brine (2 mL), extracted with EtOAc (3>6 mL). The
combined organic phase was dried over anhydrous Na,SO,, filtrated and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (PE :

EtOAc = 10:1) to afford the pure product 5af (46.7 mg, 54%).

2.8 Procedure for control experiments

Using silver mirror reaction to detect the in situ formed formaldehyde:
3



CoCly*6H,0 (1 mol %)

65 °C

confirmed by "silver mirror reaction”

MeOH

To a solution of CoCl,-6H,0 (1.2 mg, 0.005 mmol) and Cs,CO; (325.8 mg, 1.0 mmol) in
MeOH (3 mL), TBHP (70 wt% in H,O) (104 pL, 0.75 mmol) was added. After stirring for 30 min,
a small amount of the reaction mixture was dropped into the fresh silver ammonia solution in test
tube. After shaking, the test tube was warmed in hot water and a layer of metallic silver was found

adhering to the inner wall of the test tube. The picture of this phenomenon is shown in follow:

o CoClp6H,0 (1mol %) o)
- _Cs2C0s HCHO Ph)J\( + Ph)ﬁ( ®6)
Ph .
MeOH, 65 °C, 1 h oMo
1a 3a, 82% 4a, 14%

CoCl;,-6H,0 (1.2 mg, 0.005 mmol, 1 mol%), Cs,CO3 (325.8 mg, 1.0 mmol, 2 equiv), MeOH
(3 mL) and ketone la (66.6 L, 0.5 mmol) were sequentially added into a 25 mL Schleck tube.
Then HCHO (40 % wi/v) (52.0 |L, 0.75 mmol, 1.5 equiv) was added to the stirred reaction system.
The reaction mixture was stirred at 65 <C for 1 h. The reaction solution was cooled at room
temperature and quenched with water (2 mL), extracted with CH,Cl, (3>6 mL). The combined
organic phase was dried over anhydrous MgSQy, filtrated and concentrated under reduced pressure.
The crude product was purified by column chromatography on silica gel (Hexane : EtOAc = 20:1)

to afford the pure product 3a (72.7 mg, 82%) and 4a (9.9 mg, 14%).
CoCly*6H,0 (1 mol %)
o Cs,CO3 (2 equiv) D
)J\/ TBHP (1.5 equiv) Ph)i/ )
Ph CD;0D, 65°C, 1h D
1a D~ ~OCD;
d-3a, 81%

CoCly-6H,0 (0.8 mg, 0.0035 mmol, 1 mol%), Cs,CO; (228.2 mg, 0.70 mmol, 2 equiv),
CD3;0OD (2 mL) and ketone la (46.6 L, 0.35 mmol) were sequentially added into a 25 mL

Schleck tube. Then TBHP (70 wt% in H,0) (72.7 L, 0.53 mmol, 1.5 equiv) was added to the
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stirred reaction system. The reaction mixture was stirred at 65 <C for 1 h. The reaction solution
was cooled at room temperature and quenched with saturated brine (2 mL), extracted with EtOAc
(36 mL). The combined organic phase was dried over anhydrous Na,SO,, filtrated and
concentrated under reduced pressure. The crude product was purified by column chromatography
on silica gel (PE : EtOAc = 20:1) to afford the pure product d-3a (52.2 mg, 81%).
(0]
0 D
Ph)J\( . @N :;zgss @ ;equiV> Ph)J\K ®
e H 30D, 65°C,6 h '\.‘§
3a N=

d-5aa, 80%

Cs,CO3 (215.1 mg, 0.66 mmol, 2 equiv), pyrazole (27.2 mg, 0.40 mmol, 1.2 equiv), 3a (58.8
mg, 0.33 mmol) and CD;OD (2 mL) were sequentially added into a 25 mL Schleck tube. The
reaction mixture was stirred at 65 <C for 6 h. The reaction mixture was cooled at room
temperature and quenched with saturated brine (2 mL), extracted with EtOAc (3>6 mL). The
combined organic phase was dried over anhydrous Na,SO,, filtrated and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (PE :

EtOAc = 10:1) to afford the pure product d-5aa (56.8 mg, 80%).

3. Characterization data for all synthesized compounds

0]

3-Methoxy-2-methyl-1-phenylpropan-1-one (3a)

Colorless oil; yield: 73.6 mg (83%).

'H NMR (400 MHz, CDCls): & 7.98 — 7.96 (m, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz,
2H), 3.79 — 3.73 (m, 2H), 3.47 — 3.45 (m, 1H), 3.32 (s, 3H), 1.20 (d, J = 6.8 Hz, 3H).

3C NMR (100 MHz, CDCl5): § 202.7, 136.6, 133.0, 128.6, 128.4, 74.9, 59.1, 41.2, 14.8.

IR (film): 2955, 2856, 2653, 1988, 1685, 1601, 1513, 1395, 1253, 1090, 1024, 973, 699 cm™.

HRMS (CI): m/z [M+H]" calcd for C11H150,: 179.1067; found: 179.1072.
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MemMe

3-Methoxy-2-methyl-1-(p-tolyl)propan-1-one (3b)

Colorless oil; yield: 87.9 mg (91%).

'H NMR (400 MHz, CDCls): & 7.88 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 3.77 — 3.75 (m,
2H), 3.44 (g, J = 4.0 Hz, 1H), 3.32 (s, 3H), 2.41 (s, 3H), 1.20 (d, J = 6.4 Hz, 3H).

BC NMR (100 MHz, CDCl3): 6 202.2, 143.8, 134.1, 129.2, 128.5, 75.0, 59.0, 41.0, 21.6, 14.9.

IR (film): 3163, 2965, 1689, 1523, 1580, 1448, 1282, 1223, 1172, 1044, 752, 705 cm™.

HRMS (CI): m/z [M+H]" calcd for C1,H170,: 193.1223; found: 193.1228.

O

Meo/©)J\(OMe

3-Methoxy-1-(4-methoxyphenyl)-2-methylpropan-1-one (3c)

Colorless oil; yield: 89.6 mg (86%).

'H NMR (400 MHz, CDCl5): & 7.97 (d, J = 9.2 Hz, 2H), 6.94 (d, J = 9.2 Hz, 2H), 3.87 (s, 3H),
3.78 —3.71 (m, 2H), 3.44 (dd, J = 128, 9.6 Hz, 1H), 3.32 (s, 3H), 1.19 (d, J = 6.4 Hz, 3H).

BC NMR (100 MHz, CDCly): 6 201.1, 163.5, 130.6, 129.6, 113.7, 75.1, 59.0, 55.4, 40.8, 15.0.

IR (film): 3055, 2985, 2833, 1685, 1523, 1488, 1426, 1322, 1163, 1072, 979, 821, 763 cm™.

HRMS (CI): m/z [M+H]" calcd for C1,H1705: 209.1172; found: 209.1178.

0]

Et/©)‘\(0Me

1-(4-Ethylphenyl)-3-methoxy-2-methylpropan-1-one (3d)

Colorless oil; yield: 67.1 mg (65%).

'H NMR (600 MHz, CDCly): 6 7.90 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 3.79 - 3.73 (m,
2H), 3.46 — 3.42 (m, 1H), 3.31 (s, 3H), 2.70 (dd, J = 10.4, 5.2 Hz, 2H), 1.25 (t, J = 7.8 Hz, 3H),
1.19 (d, J = 6.6 Hz, 3H).

B3C NMR (150 MHz, CDCl,): & 202.3, 150.0, 134.3, 128.6, 128.1, 75.0, 59.1, 41.1, 28.9, 15.2,

14.9.
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IR (film): 2969, 2931, 2877, 1679, 1606, 1456, 1414, 1222, 1184, 1112, 979, 957, 846, 701, 599
cm™,
HRMS (ESI): m/z [M+H]" calcd for C13H100,: 207.1380; found: 207.1380.

O

1-(4-Fluorophenyl)-3-methoxy-2-methylpropan-1-one (3¢)

Colorless oil; yield: 75.4 mg (77%).

'H NMR (600 MHz, CDCls): 6 8.00 — 7.97 (m, 2H), 7.11 (t, J = 9.0 Hz, 2H), 3.73 — 3.69 (m, 2H),
3.45 - 3.41 (m, 1H), 3.29 (s, 3H), 1.17 (d, J = 6.6 Hz, 3H).

B3C NMR (150 MHz, CDCly): § 201.2, 165.7 (d, J = 253.2 Hz), 133.1 (d, J = 3.0 Hz), 131.0 (d, J =
9.15 Hz), 115.6 (d, J = 21.75 Hz), 75.0, 59.0, 41.2, 14.7.

IR (film): 2969, 2931, 2877, 1679, 1606, 1456, 1414, 1222, 1184, 1112, 979, 846, 701, 599 cm™.

HRMS (CI): m/z [M+H]" calcd for Cy;H14FO,: 197.0972; found: 197.0979.

o

CI/©)J\(OMe

1-(4-Chlorophenyl)-3-methoxy-2-methylpropan-1-one (3f)

Colorless oil; yield: 78.2 mg (74%).

'H NMR (600 MHz, CDCls): & 7.90 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 3.73 — 3.69 (m,
2H), 3.45 — 3.42 (m, 1H), 3.30 (s, 3H), 1.17 (d, J = 6.6 Hz, 3H).

3C NMR (150 MHz, CDCl5): § 201.6, 139.4, 135.0, 129.8, 128.9, 74.9, 59.0, 41.2, 14.6.

IR (film): 3349, 3067, 2570, 1919, 1791, 1683, 1589, 1482, 1396, 1219, 1098, 976, 840, 752, 527,
480 cm™,

HRMS (CI): m/z [M+H]" calcd for C1;H1,Cl0,: 213.0677; found: 213.0675.

0]

BrmMe

1-(4-Bromophenyl)-3-methoxy-2-methylpropan-1-one (3g)

Colorless oil; yield: 90.9 mg (71%).
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'H NMR (400 MHz, CDCly): & 7.84 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 3.72 (dd, J =
12.4, 7.6 Hz, 2H), 3.45 (dd, J = 13.2, 7.6 Hz, 1H), 3.30 (s, 3H), 1.19 (d, J = 6.4 Hz, 3H).

3C NMR (100 MHz, CDCl): § 201.7, 135.4, 131.8, 129.9, 128.1, 74.9, 59.0, 41.2, 14.6.

IR (film): 3730, 3626, 3349, 1683, 1584, 1456, 1394, 1250, 1215, 977, 838, 749, 469 cm™.

HRMS (CI): m/z [M+H]" calcd for C1;H14BrO,: 257.0172; found: 257.0176.

(0]

F3C/©)‘\(0Me

3-Methoxy-2-methyl-1-(4-(trifluoromethyl)phenyl)propan-1-one (3h)

Pale yellow oil; yield: 38.1 mg (31%).

'H NMR (400 MHz, CDCl,): & 8.07 (d, J = 8.0 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H), 3.78-3.71 (m,
2H), 3.48 (dd, J = 8.4, 4.8 Hz, 1H), 3.31 (s, 3H), 1.21 (d, J = 6.8 Hz, 3H).

3C NMR (100 MHz, CDCl5): § 202.0, 139.5, 134.2 (g, J = 32.6, Hz), 128.7, 125.6 (g, J = 3.7 Hz),
123.6 (q, J = 270.9 Hz), 74.9, 59.1, 41.7, 14 5.

IR (film): 3349, 3064, 2976, 2880, 1687, 1584, 1456, 1394, 1190, 1109, 1072, 473 cm™.

HRMS (CI): m/z [M+H]" calcd for C1,H14F50,: 247.0940; found: 247.0939.

O

o
NC OMe

4-(3-Methoxy-2-methylpropanoyl)benzonitrile (3i)

Colorless oil; yield: 39.2 mg (62%).

'H NMR (600 MHz, CDCl,):  8.04 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 3.75-3.68 (m,
2H), 3.48-3.46 (m, 1H), 3.29 (s, 3H), 1.19 (d, J = 6.6 Hz, 3H).

3C NMR (150 MHz, CDCly): § 201.8, 140.0, 132.5, 128.8, 118.0, 116.2, 74.9, 59.1, 41.7, 14.4.

IR (film): 3215, 2976, 2714, 2246, 1680, 1662, 1437, 1368, 1099, 875, 501 cm™.

HRMS (CI): m/z [M+H]" calcd for C1,H1,NO,: 204.1019; found: 204.1021.
O

Me@”f
OMe

3-Methoxy-2-methyl-1-(m-tolyl)propan-1-one (3j)
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Colorless oil; yield: 73.0 mg (76%).

'H NMR (600 MHz, CDCly): & 7.77 — 7.45 (m, 2H), 7.36 — 7.32 (m, 2H), 3.78 — 3.72 (m, 2H),
3.44 —3.42 (m, 1H), 3.30 (s, 3H), 2.39 (s, 3H), 1.18 (d, J = 6.6 Hz, 3H).

3C NMR (150 MHz, CDCls): & 202.9, 138.4, 136.7, 133.8, 128.9, 128.5, 125.6, 75.0, 59.1, 41.3,
21.4,14.9.

IR (film): 3351, 2970, 2736, 1681, 1586, 1307, 1140, 1108, 1025, 979, 684 cm™.

HRMS (ESI): m/z [M+H]" calcd for C1,H417,0,: 193.1223; found: 193.1223.

O

OMe

3-Methoxy-1-(3-methoxyphenyl)-2-methylpropan-1-one (3k)

Colorless oil; yield: 71.3 mg (69%).

'H NMR (600 MHz, CDCly): & 7.54 (d, J = 7.8 Hz, 1H), 7.49 — 7.48 (m, 1H), 7.36 (t, J = 7.8 Hz,
1H), 7.10 — 7.09 (m, 1H), 3.84 (s, 3H), 3.76 — 3.72 (m, 2H), 3.44 (dd, J = 6.0, 2.4 Hz, 1H), 3.31 (s,
3H), 1.19 (d, J = 6.6 Hz, 3H).

B3C NMR (150 MHz, CDCls): & 202.5, 159.8, 138.0, 129.5, 120.9, 119.5, 112.6, 74.9, 59.0, 55.4,
41.4,14.8.

IR (film): 3074, 2839, 1679, 1583, 1458, 1287, 1169, 1043, 987, 681 cm’™.

HRMS (ESI): m/z [M+H]"calcd for C1,H1;04: 209.1172; found: 209.1170.

O

Clm
OMe

1-(3-Chlorophenyl)-3-methoxy-2-methylpropan-1-one (31)

Colorless oil; yield: 66.1 mg (62%).

'H NMR (600 MHz, CDCly): & 7.92 (t, J = 2.4 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.52-7.50 (m,
1H), 7.39 (t, J = 7.8 Hz, 1H), 3.72 — 3.69 (m, 2H), 3.46 — 3.42 (m, 1H), 3.29 (s, 3H), 1.17 (d, J =
6.6 Hz, 3H).

B3C NMR (150 MHz, CDCl5): § 201.6, 138.3, 134.9, 132.9, 129.9, 128.5, 126.4, 74.9, 59.1, 41.4,
14.6.

IR (film): 3069, 1686, 1570, 1459, 1215, 1109, 987, 799, 674, 420 cm™.
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HRMS (CI): m/z [M+H]" calcd for C1;H14ClO,: 213.0677; found: 213.0685.

O

Brm
OMe

1-(3-Bromophenyl)-3-methoxy-2-methylpropan-1-one (3m)

Colorless oil; yield: 75.3 mg (59%).

'H NMR (400 MHz, CDCl,):  8.10 (s, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.68 (dd, J = 8.0, 0.4 Hz,
1H), 7.35 (t, J = 8.0 Hz, 1H), 3.74 — 3.69 (m, 2H), 3.45 (dd, J = 12.4, 9.6 Hz, 1H), 3.31 (s, 3H),
1.19 (d, J = 6.4 Hz, 3H).

3C NMR (100 MHz, CDCls): & 201.5, 138.5, 135.8, 131.4, 130.2, 126.9, 123.0, 74.9, 59.1, 41.4,
14.6.

IR (film): 3125, 2298, 1689, 1448, 1419, 1109, 997, 968, 625, 623, 405 cm’™.

HRMS (CI): m/z [M+H]" calcd for C1;H14BrO,: 257.0172; found: 257.0180.

0}

AN

\s OMe
3-Methoxy-2-methyl-1-(thiophen-2-yl)propan-1-one (3n)
Colorless oil; yield: 80.0 mg (87%).
'H NMR (400 MHz, CDCl5): § 7.76 (dd, J = 4.0, 1.0 Hz, 1H), 7.65 (dd, J = 4.8, 1.2 Hz, 1H), 7.14
(dd, J=4.8, 3.6 Hz, 1H), 3.74 (dd, J = 8.8, 7.6 Hz, 1H), 3.66 — 3.56 (m, 1H), 3.44 (dd, J=9.2,5.6
Hz, 1H), 3.32 (s, 3H), 1.23 (d, J = 7.2 Hz, 3H).

3C NMR (100 MHz, CDCly): 8 195.4, 144.1, 133.9, 132.1, 128.1, 74.9, 59.0, 43.0, 14.9.

IR (film): 3074, 2926, 1679, 1583, 1458, 1259, 1169, 987, 824, 796, 747, 624 cm™.

HRMS (CI): m/z [M+H]" calcd for CoH130,S: 185.0631; found: 185.0634.

(o]

me

2-(Methoxymethyl)-1-phenylbutan-1-one (30)

Pale yellow oil; yield: 71.4 mg (74%).
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'H NMR (600 MHz, CDCly): & 7.97 — 7.95 (m, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.44 (t, J = 7.2 Hz,
2H), 3.72 — 3.66 (m, 2H), 3.50 (dd, J = 8.4, 4.8 Hz, 1H), 3.27 (s, 3H), 1.78 — 1.72 (m, 1H), 1.61 —
1.57 (m, 1H), 0.88 (t, J = 7.8 Hz, 3H).

13C NMR (150 MHz, CDCls): § 202.8, 137.6, 132.9, 128.5, 128.2, 73.7, 59.0, 48.0, 22.8, 11.6.

IR (film): 3058, 2926, 2879, 1681, 1595, 1452, 1384, 1265, 1217, 1109, 963, 897, 738, 705 cm’™.

HRMS (ESI): m/z [M+H]" calcd for Cy,H470,: 193.1223; found: 193.1220.

o

e
1-(4-Chlorophenyl)-2-(methoxymethyl)butan-1-one (3p)

Colorless oil; yield: 79.8 mg (71%).

'H NMR (600 MHz, CDCls): § 7.91 (d, J = 9.0 Hz, 2H), 7.43 (d, J = 9.0 Hz, 2H), 3.70 — 3.67 (m,
1H), 3.63 — 3.60 (m, 1H), 3.50 (g, J = 4.8 Hz, 1H), 3.28 (s, 3H), 1.77 — 1.71 (m, 1H), 1.60 — 1.56
(m, 1H), 0.88 (t, J = 7.8 Hz, 3H).

B3C NMR (150 MHz, CDCl5): § 201.9, 139.4, 136.1, 129.8, 128.9, 73.8, 59.1, 48.2, 22.8, 11.7.

IR (film): 2964, 2877, 1682, 1589, 1460, 1400, 1260, 1215, 1094, 1009, 964, 841, 746, 531 cm™.

HRMS (ESI): m/z [M+H]" calcd for C1,H16ClO,: 227.0833; found: 227.0834.

1-(Benzo[d][1,3]dioxol-5-yl)-2-(methoxymethyl)butan-1-one (3q)

Colorless oil; yield: 67.8 mg (58%).

'H NMR (600 MHz, CDCls): & 7.58 (dd, J = 7.8, 1.8 Hz, 1H), 7.45 (d, J = 1.8 Hz, 1H), 6.84 (d, J
= 8.4 Hz, 1H), 6.01 (s, 2H), 3.67 (t, J = 8.4 Hz, 1H), 3.59-3.55 (m, 1H), 3.47 (dd, J = 9.0, 5.4 Hz,
1H), 3.27 (s, 3H), 1.75 — 1.70 (m, 1H), 1.58 — 1.57 (m, 1H), 0.86 (t, J = 7.8 Hz, 3H).

B3C NMR (150 MHz, CDCly): 6 200.9, 151.7, 148.2, 132.6, 124.6, 108.1, 107.8, 101.8, 74.0, 59.0,
47.8, 23.0, 11.7.

IR (film): 2965, 2926, 2886, 1607, 1488, 1442, 1362, 1197, 1101, 1038, 933, 807, 750, 578 cm™.

HRMS (ESI): m/z [M+H]" calcd for C13H17,04: 237.1121; found: 237.1117.
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Ej)‘\(O;e/

2-(Methoxymethyl)-1-phenylpentan-1-one (3r)

Colorless oil; yield: 77.6 mg (75%).

'H NMR (400 MHz, CDCl5): & 8.01 — 7.96 (m, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz,
2H), 3.79 — 3.70 (m, 2H), 3.51 (dd, J = 8.4, 4.8 Hz, 1H), 3.29 (s, 3H), 1.77 — 1.66 (m, 1H), 1.56 —
1.47 (m, 1H), 1.30 (dd, J = 15.6, 7.6 Hz, 2H), 0.88 (t, J = 7.2 Hz, 3H).

B3C NMR (100 MHz, CDCly): & 203.1, 137.7, 132.9, 128.5, 128.3, 74.2, 59.0, 46.5, 32.0, 20.6,
14.2.

IR (film): 2985, 2711, 1658, 1423, 1326, 1312, 1193, 1023, 1011, 897, 856, 733, 579 cm’".

HRMS (CI): m/z [M+H]" calcd for C13H140,: 207.1380; found: 207.1382.

i
O OMe
3-Methoxy-1,2-diphenylpropan-1-one (3s)
Colorless oil; yield: 37.9 mg (32%).
'H NMR (400 MHz, CDCl5): 6 7.92 — 7.88 (m, 2H), 7.41 (t, J = 7.6 Hz, 1H), 7.33 — 7.21 (m, 6H),
7.18 - 7.13 (m, 1H), 4.82 (dd, J = 8.4, 5.2 Hz, 1H), 4.11 (t, J = 8.8 Hz, 1H), 3.57 (dd, J = 9.2, 5.2
Hz, 1H), 3.27 (s, 3H).
3C NMR (100 MHz, CDCls): & 198.2, 136.7, 136.3, 133.0, 129.0, 128.7, 128.5, 128.3, 127.5, 74.7,
59.1, 53.8.
IR (film): 3011, 2785, 1697, 1389, 1321, 1085, 987, 856, 823, 714, 525 cm’™.

HRMS (CI): m/z [M+H]" calcd for C16H170,: 241.1223; found: 241.1228.

!" g
OMe

2-(Methoxymethyl)-1,4-diphenylbutan-1-one (3t)

Colorless oil; yield: 108.5 mg (81%).
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'H NMR (600 MHz, CDCls): § 7.92 — 7.86 (m, 2H), 7.55 (t, J = 7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz,
2H), 7.25 (dd, J = 7.8, 3.0 Hz, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.11 (d, J = 7.2 Hz, 2H), 3.78 — 3.72
(m, 2H), 3.54 (dd, J = 8.4, 5.4 Hz, 1H), 3.28 (s, 3H), 2.65 — 2.56 (m, 2H), 2.11 (dd, J = 16.1, 6.8
Hz, 1H), 1.90 — 1.84 (m, 1H).

13C NMR (150 MHz, CDCls): & 202.6, 141.4, 137.4, 133.0, 128.5, 128.42, 128.35, 128.3, 126.0,
74.1,59.1, 46.0, 33.4, 31.3.

IR (film): 2926, 2864, 1680, 1596, 1450, 1390, 1222, 1116, 964, 748, 701 cm™.

HRMS (ESI): m/z [M+H]" calcd for CygH,;0,: 269.1536; found: 269.1531.

O
OMe

3-Methoxy-2-(methoxymethyl)-1-phenylpropan-1-one (3u).

Pale yellow oil; yield: 75.4 mg (73%).

'H NMR (600 MHz, CDCl3): & 7.97 (d, J = 7.8 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 8.4
Hz, 2H), 4.02 — 3.97 (m, 1H), 3.71 (dd, J = 9.0, 7.2 Hz, 2H), 3.60 (dd, J = 9.6, 6.0 Hz, 2H), 3.28 (s,
6H).

B3C NMR (150 MHz, CDCly): § 200.7, 137.2, 133.0, 128.5, 128.4, 71.4, 59.0, 47.7.

IR (film): 3061, 2893, 1972, 1723, 1681, 1596, 1448, 1219, 1108, 959, 795, 713, 655, 544 cm™.

HRMS (ESI): m/z [M+H]" calcd for C1,H;7,03: 209.1172; found: 209.1168.

0]

F OMe

1-(4-Fluorophenyl)-3-methoxy-2-(methoxymethyl)propan-1-one (3v)

Pale yellow oil; yield: 66.7 mg (59%).

'H NMR (400 MHz, CDCly): & 8.02 (dd, J = 8.8, 5.4 Hz, 2H), 7.13 (t, J = 8.8 Hz, 2H), 4.01 — 3.93
(m, 1H), 3.69 (dd, J = 9.2, 7.2 Hz, 2H), 3.59 (dd, J = 9.2, 5.6 Hz, 2H), 3.29 (d, J = 1.6 Hz, 6H).
3C NMR (100 MHz, CDCls): § 199.4, 165.8 (d, J = 253 Hz), 133.8 (d, J = 3 Hz), 131.2 (d, J = 9
Hz), 115.6 (d, J = 22 Hz), 71.5, 59.1, 47.7.

IR (film): 3085, 2973, 2836, 1923, 1685, 1621, 1586, 1201, 1052, 936, 796, 628, 589 cm™.

HRMS (CI): m/z [M+H]" calcd for C1,H16FO5: 227.1078; found: 227.1084.
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o

oY

2-Methyl-1-phenylprop-2-en-1-one (4a)"

Colorless oil; yield: 9.9 mg (14%)

'H NMR (600 MHz, CDCly): § 7.74 — 7.71 (m, 1H), 7.55 — 7.50 (m, 1H), 7.45 — 7.40 (m, 2H),
5.91 - 5.90 (m, 1H), 5.62 (d, J = 0.8 Hz, 1H), 2.07 (d, J = 0.9 Hz, 3H).

13C NMR (150 MHz, CDCly): & 198.3, 143.8, 137.7, 132.0, 129.4, 128.1, 127.0, 18.6.
IR (film): 3166, 2815, 1936, 1687, 1596, 1563, 1010, 954, 723, 615 cm™.

o)
Ph)K[Me
0
N\
2-Methyl-1-phenyl-3-(1H-pyrazol-1-yl)propan-1-one (5aa)
Colorless oil; yield: 78.2 mg (73%).
'H NMR (600 MHz, CDCl5): & 7.89 (dd, J = 8.4, 1.2 Hz, 2H), 7.53 (t, J = 8.4 Hz, 1H), 7.47 (d, J =
1.8 Hz, 1H), 7.42 (t, J = 7.8 Hz, 2H), 7.37 (d, J = 2.4 Hz, 1H), 6.13 (t, J = 2.4 Hz, 1H), 4.58 (dd, J
=16.2,10.2 Hz, 1H), 4.23 - 4.17 (m, 2H), 1.19 (d, J = 7.2 Hz, 3H).
B¢ NMR (150 MHz, CDCl,): 6 202.1, 139.7, 135.9, 133.3, 130.4, 128.7, 128.3, 105.0, 54.0, 41.8,
16.0.
IR (film): 2955, 2856, 1601, 1513, 1395, 1253, 1090, 1025, 751 cm™.

HRMS (ESI): m/z [M+H]" calcd for Cy3H14N,0O: 215.1179; found: 215.1178.

o)

Me
Meo/©)‘\[l\‘l§
N=
1-(4-Methoxyphenyl)-2-methyl-3-(1H-pyrazol-1-yl)propan-1-one (5ca)
Colorless oil; yield: 96.1 mg (78%).
'H NMR (600 MHz, CDCls): & 7.89 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 1.2 Hz, 1H), 7.36 (d, J = 2.4
Hz, 1H), 6.89 (d, J = 9.0 Hz, 2H), 6.13 (t, J = 2.4 Hz, 1H), 4.57 (dd, J = 13.2, 7.8 Hz, 1H), 4.21 —
4.14 (m, 2H), 3.84 (s, 3H), 1.18 (d, J = 7.2 Hz, 3H).
3C NMR (150 MHz, CDCls): & 200.5, 163.7, 139.6, 130.7, 130.5, 128.8, 113.8, 105.0, 55.5, 54.2,

41.4,16.2.
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IR (film): 3107, 2926, 1679, 1585, 1458, 1379, 1258, 1096, 975, 751 cm™.

HRMS (ESI): m/z [M+H]" calcd for C14H16N,O,: 245.1285; found: 245.1281.

o]

MemMe
"o

N=
2-Methyl-3-(1H-pyrazol-1-yl)-1-(m-tolyl)propan-1-one (5ja)
Pale yellow oil; yield: 61.7 mg (54%).
'H NMR (600 MHz,CDCls): § 7.69 (d, J = 7.2 Hz, 2H), 7.49 (d, J = 1.2 Hz, 1H), 7.38 (d, J = 2.4
Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 6.15 (t, J = 2.4 Hz, 1H), 4.65 — 4.57 (m,
1H), 4.25 — 4.19 (m, 2H), 2.38 (s, 3H), 1.19 (d, J = 6.6 Hz, 3H).
BC NMR (150 MHz, CDCl,): 6 202.3, 139.4, 138.5, 135.8, 134.2, 130.7, 128.9, 128.6, 125.6,
105.2,54.0, 41.9, 21.3, 16.1.
IR (film): 3107, 2926, 1679, 1585, 1458, 1379, 1258, 1096, 975, 751 cm’™.

HRMS (ESI): m/z [M+H]" calcd for C14H16N,0: 229.1335; found: 229.1335.

(0]

BrmMe

)
N=
1-(3-Bromophenyl)-2-methyl-3-(1H-pyrazol-1-yl)propan-1-one (5ma)
Pale yellow oil; yield: 82.3 mg (56%).
'H NMR (600 MHz, CDCls): 5 8.01 (t, J = 1.8 Hz, 1H), 7.84 — 7.79 (m, 1H), 7.67 — 7.65 (m, 1H),
7.49 (d,J=1.2 Hz, 1H), 7.36 (d, J = 2.4 Hz, 1H), 7.31 (t, J = 8.4 Hz, 1H), 6.14 (t, J = 2.4 Hz, 1H),
4.56 (dd, J = 13.8, 8.4 Hz, 1H), 4.22 (dd, J = 13.2, 6.0 Hz, 1H), 4.20 — 4.13 (m, 1H), 1.20 (d, J =
7.2 Hz, 3H).
3C NMR (150 MHz, CDCls): & 200.9, 139.8, 137.6, 136.2, 131.4, 130.5, 130.2, 126.8, 123.1,
105.2,53.9, 42.0, 16.0.
IR (film): 3111, 2930, 1565, 1457, 1283, 1178, 985, 752, 618 cm™.

HRMS (ESI): m/z [M+H]"calcd for C;3H13BrN,0: 293.0284; found: 293.0280.
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2-((1H-pyrazol-1-yl)methyl)-1-phenylbutan-1-one (50a)
Colorless oil; yield: 97.7 mg (86%).
'H NMR (600 MHz, CDCl5): & 7.84 (dd, J = 8.4, 1.2 Hz, 2H), 7.51 (t, J = 7.8 Hz, 1H), 7.44 (d, J =
1.8 Hz, 1H), 7.39 (dd, J = 8.0, 7.6 Hz, 2H), 7.31 (d, J = 2.4 Hz, 1H), 6.08 (t, J = 2.4 Hz, 1H), 4.54
(dd, J = 13.8, 8.4 Hz, 1H), 4.27 (dd, J = 13.8, 5.4 Hz, 1H), 4.17 — 4.12 (m, 1H), 1.79 — 1.71 (m,
1H), 1.63 - 1.56 (m, 1H), 0.88 (t, J = 7.8 Hz, 3H).
3C NMR (150 MHz, CDCl,): & 202.3, 139.6, 136.8, 133.2, 130.3, 128.5, 128.1, 105.0, 52.6, 48.2,
23.9,11.1.
IR (film): 3061, 2935, 1678, 1596, 1580, 1448, 1282, 1223, 1172, 1044, 752, 699 cm™.

HRMS (ESI): m/z [M+H]" calcd for C14H16N,0: 229.1335; found: 229.1332.

o)

Et
AT
N=
2-((1H-pyrazol-1-yl)methyl)-1-(4-chlorophenyl)butan-1-one (5pa)

Colorless oil; yield: 59.5 mg (45%).

'H NMR (600 MHz, CDCls): & 7.77 (d, J = 9.0 Hz, 2H), 7.44 (d, J = 1.2 Hz, 1H), 7.36 (d, J = 8.4
Hz, 2H), 7.29 (d, J = 2.4 Hz, 1H), 6.08 (t, J = 2.4 Hz, 1H), 4.51 (dd, J = 13.2, 8.4 Hz, 1H), 4.27
(dd, J =13.2, 5.4 Hz, 1H), 4.13-4.08 (m, 1H), 1.79 — 1.70 (m, 1H), 1.64 — 1.56 (m, 1H), 0.88 (t, J
= 7.8 Hz, 3H).

3C NMR (150 MHz, CDCl5): & 201.4, 139.8, 139.7, 135.2, 130.3, 129.6, 128.9, 105.2, 52.7, 48.2,
23.9,11.2.

IR (film): 3106, 2965, 2876, 1588, 1456, 1282, 1173, 1045, 967, 750, 617, 533 cm™.

HRMS (ESI): m/z [M+H]+ calcd for C14H15CIN,O: 263.0946; found: 263.0942.

o)
)K(vph
Ph
v
N\
2-((1H-pyrazol-1-yl)methyl)-1,4-diphenylbutan-1-one (5ta)
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White solid; yield: 97.3 mg (64%); m.p. 94 — 97 <C.

'H NMR (600 MHz, CDCl3): & 7.76 (dd, J = 8.4, 1.2 Hz, 2H), 7.52 (t, = 7.8 Hz, 1H), 7.47 (d, J =
1.2 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.31 (d, J = 1.8 Hz, 1H), 7.23 (t, J = 7.8 Hz, 2H), 7.17 (t, J =
7.8 Hz, 1H), 7.06 (d, J = 7.2 Hz, 2H), 6.10 (t, J = 2.4 Hz, 1H), 4.58 (dd, J = 13.8, 8.4 Hz, 1H),
4.33 (dd, J = 13.6, 5.4 Hz, 1H), 4.24 — 4.21 (m, 1H), 2.63 — 2.51 (m, 2H), 2.10 — 2.06 (m, 1H),
1.87 - 1.83 (m, 1H).

BC NMR (150 MHz, CDCly): 6 202.2, 140.9, 139.7, 136.6, 133.3, 130.3, 128.6, 128.42, 128.36,
128.2,126.1, 105.2, 53.1, 46.4, 33.0, 32.4.

IR (film): 3733, 3028, 2859, 1678, 1595, 1449, 1282, 1178, 1046, 965, 751, 698 cm™,

HRMS (ESI): m/z [M+H]" calcd for C,oH»0N,0: 305.1648; found: 305.1642.

o)

Me

o2l

N

|

N\
2-Methyl-3-(5-nitro-1H-indazol-1-yl)-1-phenylpropan-1-one (5ab)
Pale yellow oil; yield: 80.6 mg (52%).
'H NMR (600 MHz, CDCl5): & 8.64 (d, J = 2.0 Hz, 1H), 8.26 (dd, J = 9.6, 2.4 Hz, 1H), 8.16 (s,
1H), 7.86 (dd, J = 8.4, 1.2 Hz, 2H), 7.63 (d, J = 9.2 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.41 (dd, J =
8.0, 7.6 Hz, 2H), 4.90 (dd, J = 13.6, 8.4 Hz, 1H), 4.45 (dd, J = 13.6, 5.4 Hz, 1H), 4.41-4.35 (m,
1H), 1.29 (d, J = 7.2 Hz, 3H).
3C NMR (150 MHz, CDCls): & 201.7, 142.4, 141.8, 136.3, 135.5, 133.5, 128.7, 128.3, 122.7,
121.6,118.7,109.9,51.1,41.4, 16.4.
IR (film): 3103, 2954, 2925, 2295, 1678, 1614, 1517, 1453, 1338, 1170, 1069, 974, 703 cm’™.

HRMS (ESI): m/z [M+H]" calcd for C1;H15N303: 310.1186; found: 310.1179.

0}

Me
NO,
Me N

|
N

2-Methyl-3-(5-nitro-1H-indazol-1-yl)-1-(p-tolyl)propan-1-one (5bb)

Pale yellow oil; yield: 53.4 mg (33%).
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'H NMR (600 MHz, CDCly): 3 8.62 (d, J = 1.2 Hz, 1H), 8.25 — 8.20 (m, 1H), 8.15 (s, 1H), 7.76 (d,
J=7.8Hz, 2H), 7.61 (d, J = 9.0 Hz, 1H), 7.19 (d, J = 7.8 Hz, 2H), 4.88 (dd, J = 13.8, 7.8 Hz, 1H),
4.44 (dd, J = 13.8, 6.0 Hz, 1H), 4.37 — 4.31 (m, 1H), 2.35 (s, 3H), 1.27 (d, J = 7.2 Hz, 3H).

3C NMR (150 MHz, CDCl3): § 201.2, 1445, 142.3, 141.7, 136.3, 133.0, 129.4, 128.4, 122.6,
1215, 118.7, 109.9, 51.1, 41.2, 21.6, 16.4.

IR (film): 3094, 2974, 2875, 2626, 1676, 1520, 1495, 1339, 1274, 1180, 819, 783, 744 cm™.

HRMS (ESI): m/z [M+H]"calcd for C1gH17N304: 324.1343; found: 324.1339.

o}
Me
NO,

Br l\\l

N\
1-(4-Bromophenyl)-2-((5-nitro-1H-indazol-1-yl)methyl) butan-1-one (5gb)
Pale yellow oil; yield: 71.6 mg (37%).
'H NMR (600 MHz, CDCl5): & 8.65 (d, J = 1.8 Hz, 1H), 8.27 (dd, J = 9.6, 2.4 Hz, 1H), 8.16 (s,
1H), 7.72 (d, J = 9.0 Hz, 2H), 7.61 (d, J = 9.0 Hz, 1H), 7.55 (d, J = 9.0 Hz, 2H), 4.87 (dd, J = 13.8,
8.4 Hz, 1H), 4.44 (dd, J = 13.8, 6.0 Hz, 1H), 4.36 — 4.30 (m, 1H), 1.28 (d, J = 7.2 Hz, 3H).
B3C NMR (150 MHz, CDCly): & 200.8, 142.4, 141.7, 136.4, 134.2, 132.1, 129.8, 128.9, 122.7,
121.7,118.8, 109.8, 51.0, 41.3, 16.3.
IR (film): 2964, 1677, 1519, 1451, 1217, 1070, 941, 813, 754, 702 cm™,

HRMS (ESI): m/z [M+H]" calcd for C1;H14BrN3O4: 388.0291; found: 388.0284.

0]

Et
NO,
N

|
N

2-((5-Nitro-1H-indazol-1-yl)methyl)-1-phenylbutan-1-one (50b)

Pale yellow oil; yield: 107.3 mg (66%).

'H NMR (600 MHz, CDCly): 6 8.61 (d, J = 1.8 Hz, 1H), 8.24 (dd, J = 9.6, 2.4 Hz, 1H), 8.14 (s,
1H), 7.80 (dd, J = 8.4, 1.2 Hz, 2H), 7.59 (d, J = 9.0 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H), 7.37 (t, J =
7.8 Hz, 2H), 4.90 (dd, J = 13.8, 9.0 Hz, 1H), 4.49 (dd, J = 13.8, 5.4 Hz, 1H), 4.31 — 4.29 (m, 1H),
1.90 — 1.82 (m, 1H), 1.72 — 1.69 (m, 1H), 0.96 (t, J = 7.8 Hz, 3H).

B¢ NMR (150 MHz, CDCl,): 8 201.9, 142.3, 141.6, 136.5, 136.3, 133.4, 128.6, 128.1, 122.6,

1215, 118.7,109.9, 49.7,47.7, 24.1, 11.3.
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IR (film): 3125, 1685, 1597, 1486, 1336, 1217, 1022, 976, 731, 689 cm™.

HRMS (ESI): m/z [M+H]" calcd for CigH17N3O3: 324.1343; found: 324.1339.

o]
Ph)‘\[Me
&
3-(Indolin-1-yl)-2-methyl-1-phenylpropan-1-one (5ac)
Pale yellow oil; yield: 82.5 mg (62%).
'H NMR (600 MHz, DMSO-dg): & 8.03 — 7.93 (m, 2H), 7.61 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.8
Hz, 2H), 6.95 — 6.92 (m, 2H), 6.50 (dd, J = 15.0, 7.8 Hz, 2H), 4.02 — 3.95 (m, 1H), 3.41 (dd, J =
13.2, 7.8 Hz, 1H), 3.29 — 3.23 (m, 2H), 3.06 (dd, J = 13.2, 6.0 Hz, 1H), 2.81 — 2.71 (m, 2H), 1.14
(d, J=7.2 Hz, 3H).
B3C NMR (150 MHz, DMSO-de): 5 203.5, 152.8, 136.6, 133.7, 129.5, 129.3, 128.6, 127.5, 124.5,
117.5, 107.0, 54.0, 53.3, 39.7, 28.5, 16.4.
IR (film): 2958, 2928, 1797, 1678, 1599, 1461, 1395, 1330, 1261, 1181, 1020, 973, 744 cm’™.

HRMS (ESI): m/z [M+H]" calcd for C1gH1oNO: 266.1539; found: 266.1524.

0]

1-(4-Ethylphenyl)-3-(indolin-1-y1)-2-methylpropan-1-one (5dc)

Colorless oil; yield: 74.8 mg (51%).

'H NMR (600 MHz, DMSO-ds): & 7.94 (d, J = 7.8 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 6.97 (t, J =
7.2 Hz, 2H), 6.53 (dd, J = 15.6, 8.4 Hz, 2H), 4.01 — 3.94 (m, 1H), 3.43 (dd, J = 13.8, 7.8 Hz, 1H),
3.32 - 3.24 (m, 2H), 3.08 (dd, J = 13.2, 6.0 Hz, 1H), 2.84 — 2.74 (m, 2H), 2.67 (q, J = 7.8 Hz, 2H),
1.19 (t, J = 7.8 Hz, 3H), 1.16 (d, J = 7.2 Hz, 3H).

B¢ NMR (150 MHz, DMSO-dg): 6 207.7, 157.6, 154.9, 139.1, 134.2, 133.6, 133.4, 132.3, 129.2,
122.2,111.7,58.8, 58.1, 44.3, 33.3, 33.2, 21.2, 20.3.

IR (film): 3047, 2965, 2929, 1677, 1606, 1489, 1375, 1249, 1223, 1180, 974, 846, 744 cm™.

HRMS (ESI): m/z [M+H]" calcd for C,oH»3NO: 294.1852; found: 294.1847.
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3-(Indolin-1-yl)-2-methyl-1-(thiophen-2-yl)propan-1-one (5nc)

Pale yellow oil; yield: 62.4 mg (46%).

'H NMR (600 MHz, DMSO-dg): & 8.04 — 8.02 (m, 1H), 7.99 (d, J = 4.8 Hz, 1H), 7.25 — 7.19 (m,
1H), 6.94 (t, J = 6.6 Hz, 2H), 6.50 (dd, J = 18.0, 7.8 Hz, 2H), 3.87-3.81 (m, 1H), 3.42 (dd, J = 13.8,
9.0 Hz, 1H), 3.36 — 3.32 (m, 1H), 3.22 (q, J = 17.4 Hz, 1H), 3.02 (dd, J = 13.8, 6.0 Hz, 1H), 2.83 —
2.72 (m, 2H), 1.15 (d, J = 7.2 Hz, 3H).

BC NMR (150 MHz, DMSO-dg): 6 196.5, 152.7, 144.1, 135.8, 133.8, 129.5, 129.3, 127.5, 124.5,
117.6,107.1, 54.0, 53.5, 41.3, 28.4, 16.6.

IR (film): 3415, 2253, 2126, 2000, 1792, 1654, 1415, 1226, 1051, 1026, 825, 763, 626 cm™.

HRMS (ESI): m/z [M+H]" calcd for CisH17NOS: 272.1104; found: 272.1101.

(0]

1-(Benzo[d][1,3]dioxol-5-yl)-2-(indolin-1-ylmethyl)butan-1-one (5qc)

Colorless oil; yield: 91.6 mg (57%).

'H NMR (600 MHz, DMSO-dg): & 7.56 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 1.8 Hz, 1H), 7.07 (t, J =
7.8 Hz, 1H), 7.02 (d, J = 7.2 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.64 (s, 1H), 6.54 (s, 1H), 6.03 (s,
2H), 3.70 (s, 1H), 3.51 (dd, J = 13.2, 8.4 Hz, 1H), 3.36 — 3.17 (m, 3H), 2.93 — 2.82 (m, 2H), 1.84 —
1.78 (m, 1H), 1.70 — 1.62 (m, 1H), 0.93 (t, J = 7.8 Hz, 3H).

B3C NMR (150 MHz, DMSO-dg): 6 201.5, 152.8, 152.0, 148.4, 132.4, 129.5, 127.5, 125.0, 124.5,
117.5, 108.5, 107.8, 107.0, 102.5, 54.1, 52.2, 45.7, 28.4, 24.4, 11.8.

IR (film): 3432, 2358, 2334, 2251, 2125, 1658, 1490, 1443, 1361, 1250, 1027, 824, 763, 623 cm™.

HRMS (ESI): m/z [M+H]"calcd for C,oH,;NO5: 324.1594; found: 324.1584.

(0]
)K[Pr
Ph ;\
N
2-(Indolin-1-ylmethyl)-1-phenylpentan-1-one (5rc)
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Pale yellow oil; yield: 114.8 mg (78%).

'H NMR (600 MHz, DMSO-dg): 6 7.98 (d, J = 7.2 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.48 (t, J =
7.8 Hz, 2H), 6.97 — 6.90 (m, 2H), 6.53 — 6.45 (m, 2H), 3.97-3.94 (m, 1H), 3.44 (dd, J = 13.8, 9.0
Hz, 1H), 3.29 (q, J = 16.2, 1H), 3.17 (q, J = 17.4, 1H), 3.08 (dd, J = 13.8, 5.4 Hz, 1H), 2.77 — 2.65
(m, 2H), 1.67 — 1.60 (m, 1H), 1.54 — 1.46 (m, 1H), 1.28 — 1.17 (m, 2H), 0.80 (t, J = 7.8 Hz, 3H).
B3C NMR (150 MHz, DMSO-de): 5 203.6, 152.7, 137.6, 133.6, 129.5, 129.2, 128.4, 127.5, 124.5,
117.6, 107.0, 54.1, 52.6, 44.7, 33.4, 28.5, 20.5, 14.6.

IR (film): 3053, 2957, 2929, 2866, 1678, 1604, 1462, 1376, 1211, 1180, 976, 790, 744, 555 cm™.

HRMS (ESI): m/z [M+H]" calcd for Cy0H,3NO: 294.1852; found: 294.1847.

0
M
Ph)J\{ o
NJ\Ph
H

N-(2-methyl-3-o0x0-3-phenylpropyl)benzamide (5ad)

Colorless oil; yield: 82.1 mg (61%).

'H NMR (600 MHz, CDCL): 6 7.97 (dd, J = 8.4, 1.2 Hz, 2H), 7.71 (dd, J = 8.4, 1.2 Hz, 2H), 7.57
(t, J=7.8Hz, 1H), 7.51 - 7.41 (m, 3H), 7.38 (t, J = 7.8 Hz, 2H), 6.77 (s, 1H), 3.94 — 3.88 (m, 1H),
3.81 —3.77 (m, 1H), 3.71-3.67 (m, 1H), 1.27 (d, J = 7.2 Hz, 3H).

3C NMR (150 MHz, CDCls): & 204.0, 167.6, 135.8, 134.4, 133.4, 131.4, 128.8, 128.5, 128.4,
126.9, 42.0, 40.9, 16.0.

IR (film): 3062, 2973, 1676, 1644, 1577, 1536, 1451, 1301, 1215, 1079, 973, 795, 702 cm™.,

HRMS (ESI): m/z [M+H]" calcd for C1;H17NO,: 268.1332; found: 268.1328.

@)

N-(2-methyl-3-o0x0-3-(p-tolyl)propyl)benzamide (5bd)

Pale yellow oil; Yield: 60.1 mg (43%).

'H NMR (600 MHz, CDCl,): & 7.87 (d, J = 7.2 Hz, 2H), 7.70 (dd, J = 8.4, 1.2 Hz, 2H), 7.48 —
7.43 (m, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.27 (s, 2H), 6.76 (s, 1H), 3.91 — 3.85 (m, 1H), 3.80-3.76

(m, 1H), 3.77 — 3.66 (m, 1H), 2.40 (s, 3H), 1.26 (d, J = 7.2 Hz, 3H).
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3C NMR (150 MHz, CDCly): & 203.6, 167.6, 144.4, 134.4, 133.3, 131.4, 129.5, 128.6, 128.5,
126.9, 42.0, 40.8, 21.6, 16.1.
IR (film): 3061, 2972, 2873, 2360, 1672, 1645, 1537, 1456, 1300, 1182, 972, 828, 700 cm™.

HRMS (ESI): m/z [M+H]" calcd for C1gH19NO,: 282.1489; found: 282.1484.

o]

mMe
(0]
o A

N Ph
H

N-(3-(4-chlorophenyl)-2-methyl-3-oxopropyl)benzamide (5fd)

Pale yellow oil; yield: 50.2 mg (33%).

'H NMR (600 MHz, CDCly): § 7.91 (d, J = 9.0 Hz, 2H), 7.74 (dd, J = 9.0, 2.4 Hz, 1H), 7.70 (dd, J
= 8.4, 1.8 Hz, 2H), 7.46 — 7.42 (m, 2H), 7.40 — 7.35 (m, 2H), 6.76 (s, 1H), 3.90 — 3.85 (m, 1H),
3.77 - 3.72 (m, 1H), 3.70 — 3.66 (m, 1H), 1.25 (d, J = 7.2 Hz, 3H).

BC NMR (150 MHz, CDCl,): 8 202.6, 167.6, 139.9, 134.2, 134.1, 131.5, 129.9, 129.1, 128.5,
126.8, 42.0, 40.9, 15.8.

IR (film): 3066, 2974, 2875, 1682, 1642, 1537, 1487, 1425, 1303, 1209, 1079, 986, 799 cm’™.

HRMS (ESI): m/z [M+H]" calcd for C17H16CINO,: 302.0942; found: 302.0940.

O

Cl Me
j\
N Ph
H

N-(3-(3-chlorophenyl)-2-methyl-3-oxopropyl)benzamide (5Id)

Pale yellow oil; yield: 86.1 mg (57%).

'H NMR (600 MHz, CDCl5): § 7.94 (t, J = 1.8 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.75 — 7.67 (m,
2H), 7.53 (d, J = 7.8 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 7.40 (q, J = 16.2 Hz, 3H), 6.73 (s, 1H), 3.90
—3.84 (m, 1H), 3.80 — 3.75 (m, 1H), 3.70-3.65 (m, 1H), 1.27 (d, J = 7.2 Hz, 3H).

B3¢ NMR (150 MHz, CDCly): 8 202.6, 167.6, 137.4, 135.2, 134.2, 133.3, 131.5, 130.1, 128.6,
128.5,126.9, 126.6, 41.9,41.2, 15.8.

IR (film): 3064, 2930, 1678, 1645, 1587, 1488, 1300,1092, 1013, 974, 841, 698 cm™.

HRMS (ESI): m/z [M+H]" calcd for C17H16CINO,: 302.0942; found: 302.0937.
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O

Ph)l\(
\ jg
|
N\

3-(1H-indazol-1-yl)-2-methyl-1-phenylpropan-1-one (5ae)

Pale yellow oil; yield: 62.6 mg (79%).

'H NMR (600 MHz, CDCly): § 7.97 (d, J = 0.6 Hz, 1H), 7.90 (dd, J = 8.4, 1.2 Hz, 2H), 7.66 (d, J
= 7.8 Hz, 1H), 7.51 (t, J = 8.4 Hz, 2H), 7.45 — 7.30 (m, 3H), 7.12-7.08 (m, 1H), 4.81 (dd, J = 13.8,
6.6 Hz, 1H), 4.45 (dd, J = 13.8, 6.6 Hz, 1H), 4.39 — 4.33 (m, 1H), 1.23 (d, J = 6.6 Hz, 3H).

BC NMR (150 MHz, CDCls): 6 202.3, 140.1, 135.9, 133.6, 133.2, 128.6, 128.3, 126.4, 123.7,
120.9, 120.5, 109.3, 50.7, 41.6, 16.2.

IR (film): 3119, 2932, 2877, 2218, 1815, 1679, 1532, 1460, 1363, 1183, 974, 746, 704 cm™.

o

o

N

—

CN

1-(2-Methyl-3-oxo0-3-phenylpropyl)-1H-indole-3-carbonitrile (5af)

Pale yellow oil; yield: 42.7 mg (54%).

'H NMR (600 MHz, CDCly): & 7.81 (d, J = 7.8 Hz, 2H), 7.71 (d, J = 7.8 Hz, 1H), 7.64 (s, 1H),
7.54 (t, J = 7.2 Hz, 1H), 7.46 (d, J = 8.4 Hz, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.35 (t, J = 7.8 Hz, 1H),
7.27 (t, J = 7.8 Hz, 1H), 4.68 (dd, J = 15.0, 8.4 Hz, 1H), 4.27 (dd, J = 14.4, 6.0 Hz, 1H), 4.06 —
4.01 (m, 1H), 1.29 (d, J = 7.2 Hz, 3H).

3¢ NMR (150 MHz, CDCly): 8 201.1, 135.7, 135.3, 133.7, 128.8, 128.2, 127.8, 123.9, 122.2,
120.1, 115.7, 110.3, 86.0, 49.0, 41.2, 16.6.

IR (film): 3119, 3057, 2924, 2853, 2218, 1678, 1532, 1392, 1232, 1181, 974, 745, 704 cm™.

4. References
[1] Gembus, V.; Bonnet, J.-J.; Janin, F.; Bohn, P.; Levacher, V.; Briée, J.-F. Org. Biomol. Chem.
2010, 8, 3287.

5. Copy of NMR spectra

526



961 L~
ez’

8LEE
0Gv'e
8Gr'€
LLV'E
ceL’e
omm.mM

G9/L°¢
VLLE
061°¢

0922
e
€Ot/
cgb/
655,
866"/t
91627
0962
%@NW
2867/

OMe

3a

=00¢}

el

Agoy

r60C|

710¢
e0')

=¢0'¢

8.0

65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

7.0

7.5

90 85

9.5

10.0


maben
图章


08 vlL—

cCLy—

90'69—

¥6°vL
899/
00°2L
e LL

ge8cl

wm.wNFV
66'CEL
9'9elL

¢L¢0Cc—

OMe

3a

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


maben
图章


681" L~
S0z’ L~

Ly ¢—

XA
LEV'E
Lvy'e
8vv'€

LGYV'E
ovLE
AV
LGL°€
€9L°¢
€LLE

GG/~
Glz 1

€18/~
€68 L7

I\

OMe

Me

3b

)

=00¢!

=G0'¢

Rl

H/vo._\

rl0dt

=G0¢r

Fs6'1

0.0

0.5

1.0

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.5

).0


maben
图章


14
GG'Lc—

cO'Ly—

10'69—

86'vL
899/
00°2L
e LL

P82~
A TA
80'vEL—

GLEVL—

¢¢coc—

J

OMe

Me

3b

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


maben
图章


8L L~
002’ 1L~

6269~
256'9”

8G6° L~
186,

OMe

MeO

3c

=00°¢|

=J0¢|

901

v10¢C|

=€0'¢

=60'¢C

=80¢

3.5

2.5 20 1.5 1.0 0.5 0.0

3.0

90 85 80 75 70 65 60 55 50 45 40
1 (ppm)

9.5

).0


maben
图章


G6vl—

LL0V—

Ly GG—
€0'69—

80°G.
89°9/~\
00°2L
e LL

cLEL—

1961~
¥9'0cL~"

Sr'e9l—

€L'10c—

OMe

MeO

3c

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


maben
图章


€lT I~
18217

€68/~
10627

—

OMe

Et

3d

-00¢

Aerel|

=ylc|

Rzoe|

501

760}

FE6°L |

Fso¢

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

10.0


maben
图章


L6 PL~
GL'GLY

168C—

60 LYy—

90'69—

¥0'G.
619/
0022
XAV

01821~
098zl
ce el —

96671 —

62°¢0C—

W

OMe

Et

3d

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


maben
图章


QoL
@NP.FV.

162°€
0LY€
LIy €
0z
SZh e
L€V €
ocr'e
ovy's
8vY'S
£69°C
869°C
€0.°€
90.°€
60.°¢
AR
L11°€
AR
AN
yel e

9602
o_\_\NW
T4 WA
€L6°.
9.6°L
¢86'.
¥86°.
186°.
€66
966/

PROTON_01

-

Me
OMe

3e

82|

~oogl

Rz11

¥G0¢Cl

7.0

8.0

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.5

8.5

9.0

9.5


dell
图章


LLYL—

ol'Ly—

G0'69—

L6V.
mw.wm/
oo.mmw.
(YAVA

9G'GlLlL
om.m:v.

96°0¢1
€0'LEL
80°€EL
oLeel

G819~
€599

LL'10C—

CARBON_01

OMe

3e

10

30

40

50

70

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

T
210

20

f1 (ppm)


maben
图章


69171
owr.rv.

G62°€
s
eey'e
8eY'C
Ghre
¥GY'e
169°€

w%.my
cosre
v0.'¢
AVRR
8L.'¢
€2/ ¢
9z.°¢-

AR AN
Lev' 2/

€68/~
106°L7

PROTON_01

A

Me

OMe

Cl

3f

=yl'€|

=00°€|

Azl

rll¢|

og'L

861l

3.5

4.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5


dell
图章


e9vl—

cCLy—

069 —

162
89'9/\
00°2.
2eLL

58'8ZL—
gs6zL7
10'GEL—
6E6EL—

GG'L0Cc—

OMe

Cl

3f

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


maben
图章


AN
e6L 17

LGy'e
1ZAA%d

169°C—F
oLLE
celLe

\vL'€

v0e€
0cr'e
N##.m%

0652

NENV
9¢8' L~
va.m.\.

A

-

OMe

Br

39

M

=00¢!

=~00°¢|

gLl

90°¢|

=/07¢

=902/

3.5

25 20 15 10 05 00

3.0

90 85 80 75 70 65 60 55 50 45 4.0
1 (ppm)

9.5

10.0


maben
图章


09vl—

1

€0'69—

68'v.
89°9/\
00°2L
€Ll

11821
88°62)—
eg'1el

1eel’

€L10C—

OMe

Br

-20

90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

190 170 150 130 110

210


maben
图章


002 L~
L

clee
12
VAR
G8y'e
L6V'E
Lie
omm.mW
AV
G9L°¢
89.°¢
¢8L¢

AN
vyl 1
2908~
28087

y

OMe

F3C

3h

=v0'€}

=00°¢|

2601

602}

=0L°C}
=80°¢

0.0

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

10.0


maben
图章


vivvl—

VL9V —

¥6065—

868V,
289°9/-\
000° L
LVELL

95z'22l
99672
Ylexerd)
€196l
059'G2Z)
/89'G2l
Oy
Gl9°/21 \
989'821 \
¥6€°0€ )
6YL'EEl
2L0vEl
96€ V€L
A AR
S5 6EL

1€0°C0C—

e L

OMe

FsC

3h

-20

30 20 10 O -10

90 80 70 60 50 40
1 (ppm)

190 170 150 130 110

210


maben
图章


081 L~
16117

68C°¢€
GGv'e
vov'€
0LV'€
8LV'€
819°¢
c69¢
90.L°¢
GlLL'€
€CcLE
9cLE
GELE
AR

|

¥G1')
901>
0£0°8~.
yr0'8”

Me

ol

L

OMe

NC

3i

=8L°¢}

rooel

el

gAx4!

E8L7Ly

=261

3.5

4.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5


dell
图章


6EVL—

cLlv—

16—

€6'v.
6,92
0021
V&' L.

~N

02 9L~
L6°LLL

8,821~
sveel”
166EL~_

08'10Cc—

Me

OMe

NC

3i

10

30

40

50

70

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

T
210

20

f1 (ppm)


dell
图章


9L L~
/8117

£6E°7—
20€°€
0Z¥'€
2z
621'C
peb'e
erbe
02.°€
AR
1§1°€
ovLe
il ¢
1G/ '€
G/
€9/°¢
GLL€’

1€,
0€g’L
eveL
8y,
09g'L”
IV
1G1°)
197

PROTON_01

I

M

Me

Me

OMe

3j

———

=60€|

=00°¢

®o0¢l

801

.0¢Ct

Fest|

FegL}

3.5

2.5

3.0

4.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5


dell
图章


68Vl —
8CLc—

LTV —

0L'6G—

10°G.
619\
00'2L
\'LL

85'6Z)
@vwﬁw
88'8Z1~
LL'€EL—
LL'9EL—
6c'8cl”

¥6°¢0C—

Me

Me

OMe

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


v8L°1L
mmr.vv.

L0E°€7
0£Y'€q
YEY'E
ovre|
Py e\
12L°€
mmmmw
ev.¢
Lv.€
8&&
6£8°E

.

™

—= =/0¢

160

G660+
|M me.o
T3 7660

Me
OMe

3k

MeO

3 =00¢!

| s16Z]
=zll
- a4

3.5

25 20 15 10 05 00

3.0

95 90 85 80 75 70 65 60 55 50 45 4.0
1 (ppm)

10.0


dell
图章


v8 vl —

GeLy—

GeGq—
€0'69—

€6'L
6L9LA\-
0022
\'LL

LGCLL—
6v6lL1L
om.ONFV

1661 —

008l —

€869l —

9 ¢0Cc—

Me

MeO

1

1|JL L

OMe

3k

1l

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


89171
mt._\v.

262°€1
8¢
6LY°E
0EY'E
PeY €
LEV'E
orb'e
bri'e
8Yb'e
GSH'e
ISY'E
069°€
¥69'C
869°¢
20.°¢
G0.'€
80.°¢A
eLL €
1z ¢!

1161
06€L
cov'L
2052
b0G/
G0G°L
pLG.
G1G'.
ey
816/
01824
629" .-
o16'/
026'.1
226°L"

i

PROTON_01

Me

Cl

OMe

3l

=¢L'e]

=00¢|

L

=G0°C|

8670/

5680

G600 f

59080

3.5

4.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5


dell
图章


8Gvl—

Wiv—

90'69—

68"/
899/
00°2LT
e LL

LV 9CL
mv.wNvM
88'6cl—
g8ceL,
_\m._umrw
ce8elL

GG'10Cc—

e

Me

Cl

OMe

3l

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


€81 L~
6611~

cLee

ocr'e
0Gv'€
8Gr'€

18Y'¢
989°C~
v0L'€
Lie
GclL'e
vv.l'€

ik

Me
OMe

3m

Br

=G0¢!

=00°€|
g0l
F00°¢C!

H/No._\

#S0'L
70071 |
/4670

60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

956 90 85 80 75 7.0 6.5

10.0



dell
图章


AN 4

ey lv—

0L'6G—

8.
899/~
00° 22T
e LL

86°¢Cl~
88°9C1~
9L°0CL~
ev e
18°GEL—
vG'8elL"

1G10C—

Me

Br

OMe

3m

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


JAYAIRN
Ggee L~

ceee
vev'e
8EY'€
VA4
L9v'¢
y9G°€
89t
669°¢
009°¢
Gl9¢
8L9°¢
AN R
069°¢
celLe
\vL'€
vv.l'€
€9L°¢

Gcl'.
GeELL
8EL’L

AW}
0v9'L
€99,
Nm@.i
G59'/

/G121
0922
19111
6922

B

Me

OMe

=L0¢t

v l0€gy

FE0'L
=101

oL

00} |

660

20071

60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

6.5

95 90 85 80 75 7.0

10.0


dell
图章


06 ¥l—

L0 Ey—

¥0'6G—

98"/
899/
00°2LT
e LL

oL'8clL~
Gocel~
06'€clL—

vivvl—

Ge'a6l—

—

Me

OMe

S

3n

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


5980
tw.ow
PRE-{
IR
YL P/
092’}
192°L
2Ll
¥8/°L

v.2°€
€er'e
10G°¢
L0G°€
Gl1G¢
¥99°¢
mmm.mV
G89'¢
€69°¢
969°¢
oLLE
€cLe

620,
Ly L
¥y L
025 2
286/
wG 1/

€G66°.L
966,
896/

696°L

.

OMe

30

Fl0¢|

F80'L

QLT

=6L'¢|

=01’}

ral'd|

061
5960

F00'¢

3.5

8.0

25 20 1.5 1.0 05 00

3.0

65 6.0 55 50 45 40
1 (ppm)

7.0

7.5

95 90 85

10.0


dell
图章


c9LL—

8L¢C—

c0'8y—

16'8G—

LLEL
mm.om”
0021
(YAVVA

12821~
sv'gzL’
ggzel”
19 /€L~

€8°¢0Cc—

OMe

30

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


p98°0
Ew.ow
B7e-0
166" _/
vzLL
IEL°)
6vL L
092}

¢ll'|

L1T°€
e61'E
10S°E
80G°E
91G°¢
£09°€
109°¢F
919°¢
Gzoe
629°¢
119°¢-
989°¢
669°¢-

44N
1SV 17

206°L~
L116°L7

J

OMe

3p

Cl

£0€|

il

8Lt

v00'e}

cl'l
W\_\_\._‘

0L T

Fos6'L

Fsoz

30 25 20 1.5 1.0 05

3.5

95 90 85 80 75 70 65 60 55 50 45 4.0
1 (ppm)

10.0


dell
图章


60L° L —

608°¢¢—

L02°8Y—

G6069—

va.mm/
wwn.wm/
000°Z2.
[AYAVNA

998'821 —
2516217
G80°9EL —
801 6EL—

188°10C—

OMe

3p

Cl

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


1680
m@w.ow
d68-?

piG L

11}

669 L~
ZLLL
V2Ll
vEL L
LviL

2.2°¢
09%°€
697'€
SL¥'E
e8Y'e
8YG'€
8GG°¢
19G°€
0.G°€
08G°¢-
€86 ¢
266°¢
199°¢
G/9°¢
689°¢”

e

8L09—

0£8°9~
v 9

8v¥'L
5#&/

696G
LS.
¢8G°L

G8G'.L

OMe

=86Z|

F00'L

T

W YA

/8Ll
Al

et

—66°L

2860|

=760
=0L°L

0.5

1.0

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.0


dell
图章


69°LL—

L0€c—

€8 Lr—
L06G—
66°€L

6.9
ooNNW.
(YAVVA

LL7L0b~
08'201~
21801~

LG Vel —

6G°CEL—

Gl 8vl—
691Gl —

98°00Cc—

OMe

230 220 210 200

180 170 160 150 140 130 ‘If20( 11;) 100 90 80 70 60 50 40 30 20 10
1 (ppm

190


dell
图章


Rl
99t/
S8/
Zvs'L
096" 2~%
61517
216'L
msxw
€66°L

OMe

3r

=/0€

FeLz|

0L

F6clL|

=00¢|

=101

H\wo.w |

v€0'¢
5201

=¢0'¢

1.5

3.5

8.0

0.0

0.5

1.0

2.0

2.5

3.0

65 60 55 50 45 40
1 (ppm)

7.0

7.5

95 9.0 85

10.0


dell
图章


6l vlL—
09°0c—

L6°LE—

LG Ov—

€06G—

¢yl
899/
oo.mm/
AN

82'8Z1
mmwmvv.
062eL”
99'/¢1~"

L0°€0C—

OMe

3r

-20

90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

190 170 150 130 110

210


dell
图章


€LCC
mmm.m/
@@@.MW
9/G°¢
@wm.m\.
6801
:_\&W
eeLy

108V
143 2%
ce8y
qeEs v

251 L
8911
L1V
502" L1
STT L1
VT L]
692"
692'L
80€".
82¢'.
98¢’/

moﬁw
€zy'L

188°L

omwsw

606"

JW|

OMe

3s

=00¢€]
=c0'L

=01

=20°L |

8L

EyLof

2071

=90°¢

95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

10.0


dell
图章


9,°¢G—
€L'69—

89'.
89'9/\
00'LL]
2€LL

mv.mw_‘
vm.wNvW
6v'8Cl

cL'8¢l
oo.mmr\

00°€el
€e 9l

¢L9EL

€286l —

OMe

3s

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


bG8'L-
098 }-
€981+
698" |1
118}
£88'L1
988" |1
168"
206°L
8/0°Z
060°Z
1012
oLz
8Z1°Z
€652
€95°Z
896°Z
9/6°Z
985°Z
165°Z
209°Z
0L9°Z
029°Z
929°Z
989°Z
6v9°Z
£87°¢
9z5°E
Ges e
1bS €
B6YG'C
RS
oﬂ.&
RS

GG/ €
8G/°¢H
19/°¢1
9/1°¢1
08.°¢-
€oL'L

SLL'L

291,

vILL

981/

A

T L

€5T' L

867,

vZyL

ISV'1

0St" 21
8€G /-
1GG /]
95"/
88/
mwwi
868'L;
006°L

ye

OMe

3t

=8l
=/0'L

AN

~10€
=0L'1
»00°¢

+06°)
2660
16°)
96°)
86°0
51671

0.5

1.0

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.0


dell
图章


9C'LE~
6E°€E"

86°'GV—

L06G—

60'v.
6.9
ooNN/
(YAVVA

86°GCl
ve8cl
ge8cl
cy'8ct
vG'8clL
00°€el
LV LEL
ov'Lvl

NN

GG'¢0c—

OMe

3t

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


6.C°€
G8G'E
G6G'C
109°¢
0L9°¢
c69°¢
v0L'€
80L°¢
61L€
L16°€
886°C
866°€
600 ¥
610"

~\ ==

Gev'L
8L
0912
0€S°2
Nvmxw
¥8G°L
196/~
086'L7

OMe

OMe

3u

Aeod

»¢0¢

=10'¢

H\oo._

8.0

0.C

0.5

70 65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

7.5

95 9.0 85

10.0


dell
图章


0L Ly—

Y069 —

9E'LLn

6.9/
oo.mmv
V&' L.

9£'821
wv.wﬁv
00°€EL”
LV IEVS

OMe

89°00Cc—

OMe

3u

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


68C°€
€6C¢e
9/G°¢
06G°€
66G°€
€L9¢e
¢cl9¢
069°¢
mmw.mw
€LLE
0v6'€
GG6°€
¢cl6€
/86°€
00V

L.
Nm_\NW
val'.L

G008
6108
8208

L¥0°'8

OMe

OMe

3v

009

vO0lL'¢C

560}

S0}

20LZ|

=01¢

0.C

0.5

95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 1.0
1 (ppm)

10.0


dell
图章


vl lv—
¢l 69—

TATAN
89'9/

00'2/-\
ze 117

0S'SLl~
LS

LLLEL
0c’'LEL
9.°¢€l
6L€EL

¢S Y9~
G091

6€661—

OMe

OMe

3v

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


18171~
66117

12 1%
68LY
151 %
661Y
S0c'vy
oLy
olcy
€949y
6.9V
684G Y
909

TARS
wmr.@w
ZeL9
99€ "L
028 L7
L 24
€2 L7
9 /A
0Ly 2

€Ly L]
125°L
v€G' L

oG L
088/
888/
0062
1062

rmr

Ph

-

=00°¢|

=y0'Ct

=101

£ 0|

7.5

1.0 05 0.0

1.5

65 60 55 50 45 40 35 30 25 20
1 (ppm)

7.0

95 90 85 80

10.0


dell
图章


109L—

e Ly—

YO vS—

6.9/
ooNNW
V&' L.

0G0l —

2921
99871
LE 0L
S.mm%
58°5E L/
v1'6El

L1°¢0¢—

Ph

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


VIR
6811~

1474° K
A4 %
eal'y
1217
LLL'Y
8Ly
8LV
661Y
60¢' ¥
09S'v
A0 %
VLGV
145 %

S S S e

AL

MeO

=c0°¢|

-00°¢|
A

=c0'L

1980 |

FeeL

180/

880

F96°L

7.5

0.(

0.5

1.0

1.5

40 35 30 25 20

65 6.0 55 50 45
1 (ppm)

7.0

95 90 85 80

10.0


dell
图章


6l 9l—

vy lv—
8L PG~

9y'GG"

6.9/
ooNNW
V&' L.

€0'G0l—

v8 €Ll —

08'8C1
om.omvw
89°0€1

096€L—

v, €91 —

¥G 00C—

MeO

5ca

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


681 L~
00217

6.E°C—

A

Me

e

J

=10°¢}|

=00°¢

=GlL¢t

=cl'l

3980 |

660
Amm.o

680

98°0|

88’1

7.5

0.5

65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

7.0

8.0

90 85

9.5

10.0


dell
图章


v 9L—
LeLe—

68’ LYv—

86'€G—

6.9/
ooNNW
V&' L.

Gl'a0lL—

1G°SZ1
wm.wﬁ/
98'8Z1

€108l —
QL pElL—
wﬁmﬁm
¥G'8el \
8651

8¢°¢0C—

Me

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


G6L L~
L0217

LEL Y7
YL P
651 ¥
1911
A
81 1
961 v
902 ¥
@Ki
822 |
8ET Y

CRe
9GG 1
G9G
6.Gb"

orL'9
S:.@W
5843
90¢"2
6LEL
€9¢g/
19€°/
Gev'L
18V,
¥G9'/
959/
1G9/
699/
119
6.,
G6. .
1611
908/
608" .-
01821
€008
9008
600°g-

-~ i

e

Br

=00°€}|

F18°0|

w00} T

A
160
Az0'1

Npeol

/670

R 680

0.(

0.5

1.0

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.0


dell
图章


G6'GlL—

L6 LY—

c6€G—

6.9/
ooNNW
V&' L.

0290l —

oL'ezl
mw.@ﬁﬁ
¥Z'0El
6%°0S)
gelelL”
0Z'9€L -~
Em_*
L1 6EL

68°00¢—

Br

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


080
mww.ow
2889
by »
P6G"|
509’}
109}
119}
92/
OVl
2501
€9/l

0ZL 1
gL ¥
L7L b
il
9511
591 b\

6GCY
89V
c8Cy

l6C'v
€y
LESY
ey
099

180°9—

oLe’.
1429
8LE°L
06E°L
l6€°.L
vov'.L
A4 A
mﬁv.nw.
eov'L
G062
8LG'L
ve8'L
9€8’.L
818°.L
0682

Ph

=00°¢

FEL'L

FOLLy

5201 |

01
=90

£08°0

80+

0L’

18°0r

hgjy

4.5

7.5

0.5

65 60 55 5.0 40 35 30 25 20 15 1.0
1 (ppm)

7.0

95 90 85 80

10.0


dell
图章


60 LL—

98'€c—

0C'8y—
9G'¢q—

6.9/
ooNNW
V&' L.

€0'G0L—

c1'8zl
vm.wﬁw
0€°0E}
Q.mmﬂ
28'9E 1
8561

ve ¢0c—

Ph

oo

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


1980
oww.ow
geg?
965°1
1091
609°L
6191 [
zel L
yel L
oL L
8G/ 1
042"}

28071
1601
9601
€0l 1
901 ¥
2Ll
LU p-%
12V v,
85z ¥
192
08z
6827
637
0S¥
AL RS
925y

0809
mwo.mw.
/809

€al’.
68¢°L
€6C'L
9GE L~

owm.m.\.
6EV' L
Ly
1VAVA

0811

Cl

L Jbul

=G0'¢

¥yl

=60°L [

=v0°L

=G0'L |

=01

F880

Mww.o I

VL)L
¢80

=68°) |

4.5

0.(

0.5

1.0

1.5

95 90 85 80 75 70 65 6.0 55 50 40 35 3.0 25 20
1 (ppm)

10.0


dell
图章


Ol L —

06°€C—

€C8y—
0LC5—

6.9/
ooNNW
V&' L.

Gl'a0lL—

%.wﬁ
B.QNP
zeoel”
1ZGEL—
89°'6E)

@EQN

GeL0Cc—

Cl

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


82811
8€8 |1
181+
AR
168 |1
pS8'L1
/581
198" |4
198°L
850'Z
€902
690°C
102
180°Z
G802
160'C
G¥S'Z
GSG'Z
1962
1152
exa
8852
€652
¥09'2-
eLZ v
STy
YA
8EZ'v
8LE'Y
L2
:&i
0SE'V
095 1
V.G 1
€85 1
166
150'Ly

|

690"/
951 /A
6912
181"/
022,
€8z,
A
10€°L
0Le 2
29¢/
9/¢°)
88¢/
89"/
0Ly L
G0G' /-
816/
0e5 /1
Nﬁi
¥G.')
99/ /1
19171

m

—

Ph

£80°1
=0L°L

Fi0¢

=00'}
g0l
220°1

=v/°0

0L’
640
0Ll
180
891
L0

H/mmw.o
€Ll

7.0

7.5

55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

6.0

6.5

95 90 85 80

10.0


dell
图章


A AR
86°2¢”

v ov—
vl 'e€G—

6.9/
ooNNW
V&' L.

¢¢’S0L—

€Laclk
¢c8clh
9e'8cl
cy'8ct
8G'8¢Cl
LE0EL
€eeel
€99¢€L
LL'6EL
Ggovi

AV

¢¢’coc—

Ph

Ph

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


mm.j
Nm.j
8€ 71
6E V1
Ov ¥
AAa
14A%
Sv'v
o' vy
VA4
881\

68t
om.v&
g8y
_\V.L
AN
AYA
16"/
€49/
N@.E
m@.j
98°,
98°.
YA A
YA A
91’8
STAR )
92’8
12’8
128

98
vm.wv.

Me

NO»>

5ab N=

=00¢]

m%.o .

co’L

=101

F0L')

hgg0

H/om.o i

Rysy
7S.0

F1807

890 |

4.5

0.5

3.0 2.5 20 1.5 1.0

3.5

4.0

95 90 85 80 75 70 65 60 55 50
1 (ppm)

10.0


dell
图章


9€ 91— -

oe’ LY— -

60°'LG— -

mm.om/

0044 =
_\NNNN.

6601 — B —

Nm.w:
wm.rwr/

99°¢CL~ -—

_‘m.wwr/

€L8¢l— =
vaeel~ -

om.mm_\ﬂ ]

mm.wm_\\
9Lyl
@@.Nv_\\

NO»

Me
N
|

5ab N=

L10¢— -

CARBON-O1

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


192" L~
YAl

€Ge’c—

eLE
A4
LEE VT
8YE V1
09€ "
CLE VA
6LY'V
6cv'v
A4 A%
esry
€987\
9.8V

www.vN

668

NO2

Me

A

=00¢T

=c0'g|

Ol

AN

=0L°}

E26°L |

=10}

867

1.0

R80T

Ev/°0

4.5

0.0

2.0 1.5 1.0 0.5

2.5

35 3.0

4.0

55 5.0
1 (ppm)

6.0

6.5

7.5 7.0

8.0

90 85

9.5

10.0


dell
图章


0V 9l—
8G'Lc—

8L LYy—

LLe—

6.9/
ooNNW
V&' L.

¥6'60L—
Go'8LL

wiﬁw
09221~
0V'8Zl~
8c'6ZL—
16281 —
Gz osL—
2L~
R.Niw
Racd)

Y2 10c—

i

NO;

Me

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


VAN
88z 1~

¥0€ ¥
91€ ¥
82€ 1
6EE 1
1GE 1
€98 1
L2y
LY
Sty
Sty
GG8'P
6987

wz.%

c68'v

oV
G55
966"
€19/
GLL L~
v
BE¢-6

1928\

Gv9'8
wvw.wv.

NO»>

Br

=—60°¢€|

S0l |

601

=p0'L|

H\mm._\
=160

H/mw.r i

6.0

®180]

0.0

7.5

1.0 05 0.0

1.5

65 60 55 50 45 40 35 30 25 20
1 (ppm)

7.0

95 90 85 80

10.0


dell
图章


LC9L—

0c’ Ly—

16'0G—

6.9/
ooNNW
V&' L.

¥8'60L—
9/°8L1L
m@.rwr/
L9°¢Cl~
98'8¢1
mw.mva
wo.vaM
LZvelL
mm.wm_‘w
€Lyl
rv.va\

L/°00¢—

NO»>

Br

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


560
vwm.oW
6657
889°L
669l
60.4°1L
AV
ccl')
LE8°)
6v8°L
198°1L
€181
Y6y
(019 %
60€ ¥
8LEY
LIV'Y
98y v
00S'v
60G ¥

118V~
268V
006'%
Sl6Y

9Ge’.
69¢°L
¢8¢e’.
v8v'.L
96¥°L
8062
986/
_\oo.mV

YASYAVA
66.°L
1182
m_\w.n\

€18
8¢C'8
cel’8
vv'8
VAL
G098
8098

LA

NO>

=00°¢

FGO'L|

=00'L

=80°)

rzgl|

2660
H/

660

Nygr)
w70

€807

F120

4.5

95 90 85 80 75 70 65 60 55 50 40 35 30 25 20 15 10 05 0.0
1 (ppm)

10.0


dell
图章


€L —

514 4

8G9 Ly~
478154

mwm.om/
oooNNM.
[ATANA

026'60L—
99981}
0€S 5/
929'2Z)~\-
RAR:TA)
mm@.wﬁv
Oby €S~
wwm.@mq
10S9€1
or9’ ::w
80€ZV

1€6°L0C—

NO»>

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


cel’ _\v.
YA
0,12
8G0°¢
0.0°€
080°¢
L€2'€1
(erAS
€lC'¢
98¢'¢
88¢'¢

LOY'€

oLv'e

ger'er

mmm.m
N@@.mw.
6.6°€
066°€
100V
€Ly

vwv.w
e
666

L¥6°9

€6y’
@O@NW
61G°.
092
9.
9¢9'.
11672
€L6°L
986/

Me
N

Ph

S5ac

=00°¢ |

Rozz|

»80°L

66L|

z 0L’

el

Feoz

Fze'l

reel

~ooL|

£86°1L

3.0

4.0

6.5

7.5

8.0

0.0

0.5

20 15 10

3.5 2.5

4.5

f1 (ppm)

5.9

6.0

7.0

95 90 85

10.0


dell
图章


6€ 91—

A
2468
pg'6E
86°6¢
Z1°0%

€66~
Y0 vS

66901 —

15211
avail
mm.&/
15821
@N.@NFW
61621
E.mmﬂ
09°9€}

€8°¢al—

8V €0C—

Me

Ph

Sac

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


Qm.@
Rm.@/
6859+
o/
568
€169

NIV
19817

626° L~
e L’

Me

Et

5dc

H‘Aoo.m

G8'¢r

B an-
90°¢Ct
R

ve'e
=801

H\ON.N I

7€l

vl

£00¢

Fo8’L

Fse'L|

Fo0¢

4.0

3.0 2.5 20 1.5 1.0 0.5 0.0

3.5

8.5 8.0 75 7.0 6.5 6.0 55 50 45
1 (ppm)

9.0


dell
图章


c€0C~
eze”

0C’€e
vm.mmv.

6Cvvr—

10°8G~_
8/'8G"

€L L —

XA
V2621
12ZE
:u.mﬁw
95°eel
€T Vel
6065l

98 VGl ~
69°.Gl—

G9°20Cc—

Me

Et

5dc

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


NN
B8h's
:
0822
210°ed
S20°€1
GE0'€
21Z°€
9zZ°€
1Z8°€
6£EE
L6E°E
e
0zv'e
peye—

€18~
28'€
9€8'c
8v8'c
098°€
1/8°€

M

Me

S

5nc

=00¢|

Eele

£80C
E46°0 |

190
w&fwm.o

6.5

1.0 05 0.0

1.5

55 45 40 35 30 25 20
1 (ppm)

6.0

95 90 85 80 75 70

10.0


dell
图章


c99l—
vy 8C—

9’ LY—

€666~
€0'vS"

G0°20L—

8G /1L~
eSvZl
¥S' /21
om.@NPW
8Y'621
28'€El—
z8'sel”

LOVPL—

v, 2¢Gl—

Ly'961—

Me

S

5nc

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


G160
wmm.ow
0v6°0
€€9'l
9€9'}
Gv9'L
8%9'|
8G9}
899}
129°)
089}
£89']-
1821
V6. 11
908’1
/181
6281

PROTON_01

L

Et

5qc

98¢

¥60'L

2G6'0|

r50z|

Kozl

Fao'L

S0k

Fooz

160

68°0|

5280

€60+t

G680

Fi01

3.5

6.5

25 20 15 10 05 0.0

3.0

4.0

50 4.5
1 (ppm)

5.5

6.0

956 90 85 80 75 7.0

).0


dell
图章


187 LL—

Ov've—
€v'8¢—

2L Sy—
€225\
G0 ¥G~

05°20b
86'901
mw.BFW
£5°801

0G5 LLL~
S acd

oo.mﬁk
€6 /2L~

1G°62L~"
zrzeL”

AN
002G~
9,251

Ly 10C—

Et

5qc

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


9820
66.°0
1180
9zZ'|
0eZ'}
8cz'|
1S}
T
26V L~
S0G'L
pLGL
€z5)
129}
Ge9'l
oL
889'Z
20,2
11T
9122
92,2
8e.Z
190°E
5/0°€
680°€
860°C
651°€
eLLE
/8LE
0/Z°€
mww.&
L62°]
yZy'e
et e
Lve
L9b e
L 96°¢A
ov6c
G6°€
£96°¢
896°¢-
0Lt'9
£8Y'9
8619
0159
€259
Z16'9
269
2869
Sv6°'9
8569
89Y " /-
181" .
61 .-
695"
Emi
€65/
%mi
186/

Ph

Src

Jeav

=00°¢

re
A
SL°L

Feze

/60')
S0Vl

60°L
Ay

=60'1L

Fc0¢
=16°1
=16}
€60

=661

3.0

6.5

0.(

0.5

2.0 1.5 1.0

2.5

50 45 40 35
1 (ppm)

5.9

6.0

95 90 85 80 75 7.0

10.0


dell
图章


L9vL—
6v'0Cc—

Gv'8C—
ey ee—

v,.vy—

9 ¢G~
€Ly

6901 —

LG LLL
679711
25 L2l

ov.wﬁw
ve 6zl 7
8y'62L
l9EEL,
€9'LE1

0L¢Gl—

¢9'€0C—

||.|

Src

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


89Z L~
08z’ 17

899°€
8/9'¢-
189°¢
169°€
002°€
$01°€
yL2'eq
V1L €
8/1°€
281°¢
68.°C
¥61°C
108°E
G08°S
218°¢
188°S
¥69°S
668'¢-
ooa.&
216°¢
816°¢
26
1£6°¢
mmm.&
R

€11°9—
AP
%2%
86¢/
Shi'L
eGh L
IS¥)
99t/
6.1,
€66/
G9G'/
8/G°/
00/, Z-
20 ]
e
oL/
£96°/
G96°/
E)i
6167,

Ph

5ad

%

=0C¢|

sl

=GLL|

AzL'L

4.0

7.5

8.0

0.C

0.5

30 25 20 1.5 1.0

3.5

60 55 50 45
1 (ppm)

6.5

7.0

95 90 85

10.0


dell
图章


96°Gl—

v6 0P~
L6'Vv

6.9/
ooNNW
V&' L.

vv.mm_‘\
9eveEL

€86l

LG /91—

G6'€0Cc—

Ph

5ad

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


65T L~
L1217

geg €
w@@.L

2L9°€
189°€1
169°€
7696+
$02E
€9/°¢
0LL°€
¥11°€
182°€
G8.'¢
261°S
@E.&
€08'S
8G8°¢
98¢
118°¢
Rw.&
£88°c1
688°C
968°¢
206°¢-

Tetd
SN.N/
NB.}
oy
16€°1

R
v L
S/
cGh'/
oG/
6512
991"/
89% "/
169/
669/
T
€L/ /-
vmwi
8/8'/

o

|

Me

)J\Ph

ZT

5bd

Me

b

e 70T
um =G |

NzzL

g0y |

= /1T |

I— sy
wfm.o

— /1T |

— Moz

=82°¢ |

=00°¢

0.C

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

9.5

10.0


dell
图章


L091L—
€9'Lc—

6.0V~
16l

6.9/
ooNNW
V&' L.

GG /L9l—

6G°€0C—

Me

5bd

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


AN
6521~

1G9°€
199°€4
¥99'€1
¥19°¢H
£89°€1
/89°¢
169°€1
¥z.'e

121°€
62.°C
1€2°€
Gel's
ovLE
AR
9L€]
1GL°€

858°¢
98¢
0.8°€-
8/8°¢-
£88°¢]
068°¢”

$gé3
€1¢°)

08¢/

86¢°/

665",
A
A
A
ocy'/
8cy'/
Lyl
6171 L
L9V
269
669/
90/
mﬁi
€062
816°L

Me

=z

Cl

I

5fd

=LLE

8607

/12|

R A4
me._\

1G0|

Aog'|

3.5

7.5

8.0

0.

0.5

2.0 1.5 1.0

2.5

3.0

4.0

65 60 55 50 45
1 (ppm)

7.0

95 90 85

10.0


dell
图章


€8°Gl—

v6 0P~
1(\kALd

6.9/
ooNNW
V&' L.

€892
Nm.wﬁ/
60621~
68°62L-"

0Sg°LEL
clvelL

€9 /91—

19°¢0C—

Me

)J\Ph

Z

Cl

I

5fd

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


09Z L~
A

1G9°€E
099°€1
$99°¢
€9°€1
£89°¢
/89°€
969'€
¥G1'E
291°¢
G9/°S
€11°€
111°€
¥81°¢
88/°¢
G6.°¢-
£68¢-
omw.&
998°¢
€/8°¢]
8/8°¢
Geg'c

GCL9—

6.€L
c6e’.L
o0v'.L

6L L5
€Gh'/
Got'/
/1)
626/
886/
669/
102"
€1l
98/
618"
£€6'/1
986/
9c6°,-

Me

Cl

O

ZT1

5id

"~

=00€T

90}

=Y0°L |

Neo)

FooLt

L9¢Ct

1060
5080

00t

980

0.l

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

10.0


dell
图章


y8'Gl—

6L LY~
€6’ LY

6.9/
ooNNW
V&' L.

wm.@ﬁ
mw.@ﬁ
25821
€58zl

0L0SL—
2G5 LELE

veeel
ccvel
0c'gel

6€LEL

19291 —

09°¢0Cc—

Cl

5id

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


922 L~
LET L7

0gE'y
R R
€'y
GoC Y
LISY
98¢t
627
Oby'y
ey v
cov'y
96/t
108
6187
B8 Y-
00121
1
2oL L1
€01/
L L
GLL /A
GGe'/
19"/
69"/
6.5 L
188"/
1881
00v'L
eLyL
1671
216,
mm@i
999°/
888°/ -
068"
206 L]
06"/
161
616

—

Z—-Z

O
Sae

Ph

=yEer

Sl

A

=02l |

F00'1L

H\vm.w I

1r96°1
+260

7961 [

=610

4.5

1.0 05 0.0-2

1.5

35 30 25 20

4.0

95 90 85 80 75 70 65 60 55 50
1 (ppm)

0.0


dell
图章


¢C9l—

09'Ly—

v, 09—

6.9/
ooNNW
V&' L.

9¢'¢0c—

S0 RTINS ST WDy

o

Ph

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


G8Z L~
16217

800
020y
ce0y
evo'y
GG0'v
190V

8veYy
8GCY
cley

282y
999" %~

6.9V
069

vOL'v

Ph

N U P

5af

CN

=00°¢|

=101

=c0'L 1

=0 |

7.5

8.0

60 55 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

6.5

7.0

90 85

9.5

10.0


dell
图章


69°91—

Ly —

66°8Y—

6.9/
ooNNW
\2'LL
10°98—

LL'10C—

Ph

5af

CN

200 190 180 170 160 150 140 130 120 11(]1(100) 90 80 70 60 50 40 30 20 10
1 (ppm

[0


dell
图章


a9l b~
AL

eLV'E
G8y'e
961°€
80G°¢
€8G°¢
G69°¢
909°¢
8L9°¢

09¢'.
eLe’s
oce’L
8EE’.L
124
YAS) VA
691 L
061,
€05,
oLG'L-F
89G°.

0892

¢c6G' L
99/°L
69,1
081°L
¢8L'L
€v0'8
Gv0'8
6508

Ph

OCD;

D

d-3a

o

=

=00°¢|

/100

2.00|

sv80¢

vy 0
me.o

evol

8.0

“og0|

8.0

1.0 05 0.0

1.5

60 55 50 45 40 35 30 25 20
1 (ppm)

6.5

7.0

7.5

90 85

9.5

10.0


yjy
图章


€8l L —

281~
soz v
€98 v~
98 v~

0219
er.ow.
LCl9

L0V'.
0cv'.L
1985 4V
L9Y'.
0LV’ L
8LG'L
6161
0€G°.L
A% W)
188°L
€88,
968/

Ph

>

d-5aa N

=00¢!

=10}

=660

~69°0|

€L0|

=9
2%9°0

180t

=G’

90 85 80 75 70 65 6.0 55 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

9.5

10.0


dell
图章


	1
	supporting information-2-NMR spectra



