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General methods:

All reactions were carried out in flame or oven-dried glassware under nitrogen
atmosphere with freshly distilled dry solvents under anhydrous conditions unless
otherwise indicated. Flash column chromatography was performed with silica gel (200
- 300 mesh). Chromatograms were visualized by fluorescence quenching with UV light
at 254 nm or by staining with base solution of potassium permanganate and molybdate.
NMR spectra were recorded at RT on 400 MHz JEOL or BRUKER spectrometers. The
residual solvent signals were taken as the reference (0.00 ppm for '"H NMR spectra and
77.0 ppm for 3C NMR spectra in CDCl3). Chemical shift (§) is reported in ppm,
coupling constants (J) are given in Hz. The following abbreviations classify the
multiplicity: s = singlet, d = doublet, t = triplet, m = multiplet, dd = doublet of doublet,
q = quartet and br = broad signal. HRMS (ESI) spectra were recorded on a Waters Q-
Tof premier TM mass spectrometer.

Table S1. Optimization of reaction conditions”

o o
Ph)]\\\ . HNMe, conditions Ph)l\/\sl;"'e

1a 2a 3aa

Entry Reductant® Solvent Yield (%)°

1 NaBH4 THF 6

2 PhSiH; THF 0

3 HBpin THF 35

4 BH3-NMes THF 0

5 BH3 - THF THF 0

6 HBpin Toluene 28

7 HBpin Hexane 31

8 HBpin DCE 27

9 HBpin MeCN 23

10 HBpin MeOH 9

11 HBpin? THF 64

12 HBpin® THF 88

aExperiments were performed with 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.) and
reducing agent in solvent (2.0 mL) at room temperature without inert gas protection. "Without other
noticed, 1.5 equiv. of reduceing agent was used. ‘Isolated yields. 92.0 equiv. of HBpin. €2.5 equiv.
of HBpin. HBpin = pinacolborane; THF = tetrahydrofuran; DCE = 1,2-dichloroethane.
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General procedure for ynones and their spectral data':

0 =—MgBr - OH MnO, 0

3 1J\

R1JLH THF, -10 °C - rt R1)\\\ CH,Cl,, rt R
8 9 1

Ethynylmagnesium bromide (0.50 M solution in THF 12 mL, 1.2 equiv.) was added
dropwise to a stirred solution of aldehyde 8 (5.0 mmol, 1.0 equiv.) in anhydrous THF
(10 mL) at -10 °C. The mixture was kept stirring at -10 °C for 20 minutes and warmed
to room temperature for additional two hours. Then the reaction mixture was quenched
with saturated ammonium chloride (20 mL) and extracted with ethyl acetate for three
times. The organic layers was combined and dried with anhydrous MgSOs. It was
evaporated under reduced pressure to give intermediate alcohol 9, which was used in

next step directly.

The crude alcohol 9 was dissolved in dichloromethane and treated with activated MnO»
(10 equiv.). After completion of the reaction (monitored by TLC), the solid was
removed by filtration of the reaction mixture through a pad of celite. Then it was
extracted with ethyl acetate and dried with anhydrous Na>SO4. Then the reaction
mixture was concentrated under reduced pressure and purified by column

chromatography to give the desired ynones 1.

1-Phenylprop-2-yn-1-one (1a):

/5/

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.38). The product was obtained as yellow solid in 86% yield (559.0 mg), m.p. 44 -
45 °C. "H NMR (400 MHz, CDCl3) 6 8.18 - 8.16 (m, 2H), 7.66 - 7.62 (m, 1H), 7.52 -
7.49 (m, 2H), 3.50 (s, 1H); '*C NMR (100 MHz, CDCls) 6 177.4, 136.1, 134.5, 129.7,
128.7, 80.8, 80.2; HRMS (ESI) m/z [M+H]": Calcd for CoH7;0O: 131.0497. Found:

‘1. J. Rong, H. Li, R. Fu, W. Sun, T.-P. Loh and Y. Jiang, ACS Catal., 2020, 10, 3664 —

3669.
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131.0495.

1-(p-Tolyl)prop-2-yn-1-one (1b):

(0]
o
Me

The title compound was prepared according to the general procedure (EA/PE = 1/9, Rt
= 0.54). The product was obtained as yellow solid in 95% yield (684.5 mg), m.p. 35 -
36 °C. '"H NMR (400 MHz, CDCl3) § 7.97 - 7.95 (m, 2H), 7.21 - 7.19 (m, 2H), 3.34 (s,
1H), 2.34 (s, 3H); 1°C NMR (100 MHz, CDCl3) J 177.0, 145.7, 133.8, 129.8, 129.3,
80.4, 80.3, 21.8; HRMS (ESI) m/z [M+H]": Calcd for CioHoO: 145.0653. Found:
145.0655.

1-(2,6-Dimethylphenyl)prop-2-yn-1-one (1¢):

Me O

V4

Me

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
=0.5). The product was obtained as brown oil in 82% yield (648.7 mg). 'H NMR (400
MHz, CDCl3) 6 7.23 — 7.20 (m, 1H), 7.05 (d, /= 7.6 Hz, 2H), 3.50 (s, 1H), 2.37 (s, 6H);
3C NMR (100 MHz, CDCl3) 6 184.1, 139.5, 134.9, 130.1, 128.4, 82.7, 81.7, 19.7;
HRMS (ESI) m/z [M+H]": Calcd for C11H;10: 159.0810. Found: 159.0805.

1-(2-Methoxyphenyl)prop-2-yn-1-one (1d):
OMe O

Vi

The title compound was prepared according to the general procedure (EA/PE = 1/9, Ry
=0.58). The product was obtained as faint yellow oil in 91% yield (728.5 mg). '"H NMR
(400 MHz, CDCl3) 6 8.07 - 8.05 (m, 1H), 7.57 - 7.53 (m, 1H), 7.06 - 7.00 (m, 2H), 3.93
(s, 3H), 3.39 (s, 1H); '*C NMR (100 MHz, CDCI3) 6 176.0, 160.0, 135.5, 133.2, 125.7,
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120.2,112.1, 82.1,79.3, 55.8; HRMS (ESI) m/z [M+H]": Calcd for C10HyO>: 161.0603.
Found: 131.0600.

1-(4-Methoxyphenyl)prop-2-yn-1-one (1e):

@)
oS
MeO

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.45). The product was obtained as yellow solid in 80% yield (640.4 mg), m.p. 72 -
73 °C. 'H NMR (400 MHz, CDCls) § 8.14 - 8.12 (m, 2H), 6.97 - 6.95 (m, 2H), 3.89 (s,
3H), 3.40 (s, 1H); '*C NMR (100 MHz, CDCls) § 175.9, 164.7, 132.1 129.5, 113.9,
80.3, 80.1, 55.6; HRMS (ESI) m/z [M+H]": Caled for CioHoO>: 161.0603. Found:
161.0600.

1-(4-Nitrophenyl)prop-2-yn-1-one (1f):

o]
O)\\\
O,N

The title compound was prepared according to the general procedure (EA/PE =1/9, Ry
=0.55). The product was obtained as yellow solid in 79% yield (691.8 mg), m.p. 76 -
78 °C. 'H NMR (400 MHz, CDCl3) 6 8.36 - 8.30 (m, 4H), 3.63 - 3.62 (m, 1H); 13C
NMR (100 MHz, CDCl3) 6 175.6, 151.2, 140.2, 130.7, 124.0, 83.1, 79.8; HRMS (ESI)
m/z [M+H]": Calcd for CoHeNO3: 176.0348. Found: 176.0355.

1-(4-(Trifluoromethyl)phenyl)prop-2-yn-1-one (1g):

(@)
Q)\\
F3;C

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢

= 0.68). The product was obtained as yellow solid in 59% yield (584.1 mg), m.p. 65 -
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66 °C. '"H NMR (400 MHz, CDCls) § 8.28 - 8.26 (m, 2H), 7.78 - 7.76 (m, 2H), 3.57 (s,
1H); 3C NMR (100 MHz, CDCl3) 6 176.2, 138.5, 135.5 (q, J = 32.5 Hz), 129.9, 125.7
(q, J=3.7 Hz), 123.4 (q, J = 271.4 Hz), 82.1, 79.7; '°F NMR (376 MHz, CDCl;3) ¢ -
63.2 (s, 3F); HRMS (ESI) m/z [M+H]": Calcd for CioHeF30: 199.0371. Found:
199.0375.

1-(4-Fluorophenyl)prop-2-yn-1-one (1h):

O
/@)\\\
F

The title compound was prepared according to the general procedure (EA/PE = 1/9, Rt
= 0.55). The product was obtained as yellow solid in 70% yield (518.0 mg), m.p. 43 -
44 °C. "H NMR (400 MHz, CDCl3) § 8.21 - 8.17 (m, 2H), 7.17 (t, J = 8.4 Hz, 2H), 3.50
(s, 1H); '*C NMR (100 MHz, CDCl3) ¢ 175.7, 166.6 (d, J = 256.0 Hz), 132.6 (d, J =
2.9 Hz), 132.3 (d, J= 9.8 Hz), 115.9 (d, J=22.2 Hz), 81.1, 79.9; '°F NMR (376 MHz,
CDCls) 6 -102.2 (s, 1F); HRMS (ESI) m/z [M+H]": Calcd for CoHeFO: 149.0403.
Found: 149.0403.

1-(4-Chlorophenyl)prop-2-yn-1-one (1i):

o)
s
Cl

The title compound was prepared according to the general procedure (EA/PE = 1/9, Ry
= 0.58). The product was obtained as yellow solid in 75% yield (615.0 mg), m.p. 94 -
95 °C. 'H NMR (400 MHz, CDCls) 6 8.10 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H),
3.49 (s, 1H); *C NMR (100 MHz, CDCl3) § 176.1, 141.2, 134.5, 130.1, 129.1, 81.3,
79.9; HRMS (ESI) m/z [M+H]": Calcd for CoHsCIO: 165.0107. Found: 165.0109.

1-(4-Bromophenyl)prop-2-yn-1-one (1j):
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(o]
Q)\\
Br

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
=0.73). The product was obtained as yellow solid in 98% yield (1019.2 mg), m.p. 109
- 110 °C. 'H NMR (400 MHz, CDCI3) 6 8.02 (d, J = 7.6 Hz, 2H), 7.65 (d, J = 8.0 Hz,
2H), 3.49 (s, 1H); '*C NMR (100 MHz, CDCl3) § 176.3, 134.9, 132.1, 131.0, 130.1,
81.4,79.9; HRMS (ESI) m/z [M+H]": Caled for CoHsBrO: 208.9602. Found: 208.9607.

1-(2-Bromophenyl)prop-2-yn-1-one (1k):

Br O

¥

The title compound was prepared according to the general procedure (EA/PE = 1/9, Rt
=0.60). The product was obtained as faint yellow oil in 93% yield (967.2 mg). '"H NMR
(400 MHz, CDCl3) 0 8.12 (d, J=7.6 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.48 - 7.38 (m,
2H), 3.54 (s, 1H); *C NMR (100 MHz, CDCls) 6 176.3, 135.7, 135.1, 133.8, 133.7,
127.3, 121.2, 81.6, 80.7; HRMS (ESI) m/z [M+H]": Caled for CoHeBrO: 208.9602.
Found: 208.9597.

1-(4-Iodophenyl)prop-2-yn-1-one (11):

0
fon
|

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.68). The product was obtained as yellow solid in 58% yield (742.1 mg), m.p. 117 -
118 °C. 'TH NMR (400 MHz, CDCl3) § 7.93 - 7.82 (m, 4H), 3.48 (s, 1H); '*C NMR (100
MHz, CDCl3) 6 176.6, 138.1, 135.4, 130.8, 103.2, 81.4, 79.9; HRMS (ESI) m/z [M+H]":
Calcd for CoHglO: 256.9463. Found: 256.6466.

1-(Furan-2-yl)prop-2-yn-1-one (1m):
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The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.40). The product was obtained as yellow solid in 77% yield (462.0 mg), m.p. 44 -
45 °C. 'TH NMR (400 MHz, CDCls)  7.63 (s, 1H), 7.35 (m, 1H), 6.54 (m, 1H), 3.29 (s,
1H); 3C NMR (100 MHz, CDCl3) 6 163.7, 152.6, 148.5, 122.1, 112.8, 79.5, 79.5;
HRMS (ESI) m/z [M+H]": Calcd for C7HsO5: 121.0290. Found: 121.0287.

1-(Thiophen-2-yl)prop-2-yn-1-one (1n):

The title compound was prepared according to the general procedure (EA/PE = 1/9, Rt
= 0.40). The product was obtained as yellow solid in 84% yield (571.2 mg), m.p. 39 -
40 °C. "H NMR (400 MHz, CDCl3) § 7.99 (d,J= 3.2 Hz, 1H), 7.77 (d, J = 4.8 Hz, 1H),
7.20 - 7.18 (m, 1H), 3.40 (s, 1H); 1*C NMR (100 MHz, CDCls) § 169.1, 144.0, 136.2,
136.0, 128.4, 79.8, 79.4; HRMS (ESI) m/z [M+H]": Calcd for C7HsOS: 137.0061.
Found: 137.0065.

1-(Naphthalen-2-yl)prop-2-yn-1-one (10):
0

SO

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.63). The product was obtained as yellow solid in 90% yield (810.5 mg), m.p. 91 -
92 °C. '"H NMR (400 MHz, CDCls) 6§ 8.73 (s, 1H), 8.13 - 8.11 (m, 1H), 8.00 - 7.98 (m,
1H), 7.89 - 7.86 (m, 2H), 7.65 - 7.59 (m, 1H), 7.57 - 7.55 (m, 1H), 3.51 (s, 1H); 1*C
NMR (100 MHz, CDCl3) 6 177.3, 136.2, 133.6, 133.3, 132.3,129.8, 129.2, 128.6, 127.9,
127.0, 123.5, 80.7, 80.3; HRMS (ESI) m/z [M+H]": Caled for Ci3HoO: 181.0653.
Found: 181.0655.

(E)-2-Methyl-1-phenylpent-1-en-4-yn-3-one (1p):
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o]

\
Me

X

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢
= 0.69). The product was obtained as yellow solid in 61% yield (518.8 mg), m.p. 43 -
44 °C. 'TH NMR (400 MHz, CDCl3) 6 7.97 (s, 1H), 7.43 - 7.30 (m, 5H), 3.27 (s, 1H),
2.04 (s, 3H); '*C NMR (100 MHz, CDCI;) 6 180.0, 146.6, 137.6, 135.2, 130.1, 129.4,
128.6,80.0,79.7, 12.0; HRMS (ESI) m/z [M+H]": Calcd for C12H110: 171.0810. Found:
171.0811.

(E)-1-Phenylpent-1-en-4-yn-3-one (1q):

Iy

The title compound was prepared according to the general procedure (EA/PE =1/9, Ry
= 0.55). The product was obtained as brown solid in 61% yield (475.6 mg). m.p. 55 -
57 °C. '"H NMR (400 MHz, CDCls) 6 7.88 (d, J = 16.2 Hz, 1H), 7.58 - 7.56 (m, 2H),
7.47 - 7.40 (m, 3H), 6.79 (d, J=16.1 Hz, 1H), 3.35 (d, J= 1.2 Hz, 1H); '*C NMR (100
MHz, CDCI3) ¢ 177.8, 150.0, 133.9, 131.6, 129.3, 128.9, 128.1, 80.0, 79.6,; HRMS
(ESI) m/z [M+H]": Calcd for C11H9O: 157.0653. Found: 157.0652.

(E)-4-Methylhept-4-en-1-yn-3-one (1r):

Me
\/\)J\\\

Me

The title compound was prepared according to the general procedure (EA/PE = 1/9, Ry
=0.80). The product was obtained as yellow oil in 70% yield (427.4 mg). "H NMR (400
MHz, CDCl3) 0 7.18 (t, J=7.2 Hz, 1H), 3.24 (s, 1H), 2.38 - 2.30 (m, 2H), 1.80 (s, 3H),
1.13 (t,J=17.6 Hz, 3H); 3*C NMR (100 MHz, CDCls) 6 179.6, 153.1, 137.5, 79.6, 79.0,
22.7, 12.7, 10.1; HRMS (ESI) m/z [M+H]": Calcd for CsH;;0: 123.0810. Found:
123.0811.

Hept-1-yn-3-one (1s):
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Me\/\)J\
X

The title compound was prepared according to the general procedure (EA/PE = 1/39,
R¢=0.55). The product was obtained as colorless oil in 35% yield (192.7 mg). '"H NMR
(400 MHz, CDCl3) 6 3.19 (s, 1H), 2.52 (t, J= 7.2 Hz, 2H), 1.63 - 1.55 (m, 2H), 1.33 -
1.24 (m, 2H), 0.85 (t,J = 7.6 Hz, 3H); '*C NMR (100 MHz, CDCl3) 6 187.5, 81.3, 78.3,
45.0, 25.7,21.9, 13.6; HRMS (ESI) m/z [M+H]": Calcd for C7H;;0: 111.0810. Found:
111.0814.

1-Cyclohexylprop-2-yn-1-one (1t):

O
/5/

The title compound was prepared according to the general procedure (EA/PE =1/9, Ry
=0.80). The product was obtained as brown oil in 47% yield (320.1 mg). "H NMR (400
MHz, CDCls) 0 3.86 (d, J= 6.5 Hz, 1H), 1.93 - 1.87 (m, 1H), 1.77 - 1.70 (m, 4H), 1.47
- 1.38 (m, 1H), 1.33 - 1.13 (m, 4H), 1.00 - 0.91 (m, 1H); *C NMR (100 MHz, CDCls)
0176.4,69.4,43.5,37.5,29.8,29.2,26.5, 25.9, 25.8, 25.6; HRMS (ESI) m/z [M+H]":
Calcd for CoH130: 137.0966. Found: 137.0959.

1-((3r,51,7r)-Adamantan-1-yl)prop-2-yn-1-one (1u):

(o)
@)\\\

The title compound was prepared according to the general procedure (EA/PE = 1/9, R
=0.75). The product was obtained as yellow solid in 55% yield (517.8 mg). m.p. 89 -
91 °C. '"H NMR (400 MHz, CDCl3) § 3.22 (s, 1H), 2.07 (s, 3H), 1.86 (d, J = 2.5 Hz,
6H), 1.77 - 1.70 (m, 6H); *C NMR (100 MHz, CDCls) § 193.3, 80.0, 46.9, 37.8, 36.5,
27.8; HRMS (ESI) m/z [M+H]": Calcd for C13H;90: 189.1279. Found: 189.1285.
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General procedure for f-aminoketones and their spectral data:

o R2 HBpi
| pin (2.5 eq.) 2
1)1\\ + HN - R1)j\/\N,R
R \ ‘R3

THF (2.0 mL), rt. R3
1 2 3
Method A: A tube was charged with 1 (0.20 mmol, 1.0 equiv.), 2 (0.30 mmol, 1.5 equiv.)
and HBpin (0.50 mmol, 76.8 mg, 2.5 equiv.) under open-flask in THF (2.0 mL). The
resulting mixture was stirred at room temperature until the 1 was consumed completely
(about 4.0 hours). After completion of the reaction (monitored by TLC), the reaction
solution was concentrated under reduced pressure and purified by column

chromatography (dichloromethane: methanol = 9: 1) to give the desired product 3.

Method B: A tube was charged with 1 (0.20 mmol, 1.0 equiv.), 2 (0.30 mmol, 1.5 equiv.)
under open-flask in THF (2.0 mL). The resulting mixture was stirred at room
temperature until the 1 was consumed completely (about 5.0 hours). And then HBpin
(0.50 mmol, 76.8 mg, 2.5 equiv.) was added directly in one portion and reacted for
about 10 minutes. After completion of the reaction (monitored by TLC), the reaction
solution was concentrated under reduced pressure and purified by column

chromatography (dichloromethane: methanol = 9: 1) to give the desired product 3.

3-(Dimethylamino)-1-phenylpropan-1-one (3aa):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.25). The product was obtained as yellow solid in 88% yield
(31.2 mg), m.p. 31 - 33 °C. '"H NMR (400 MHz, CDCls) 6 7.98 — 7.94 (m, 2H), 7.59 —
7.55 (m, 1H), 7.48 — 7.44(m, 2H), 3.31 (t,J=7.3 Hz, 2H), 2.97 (t, /= 7.2 Hz, 2H), 2.44
(s, 6H); *C NMR (100 MHz, CDCI3) § 198.3, 136.6, 128.8, 128.2, 53.9, 45.0, 36.1;
HRMS (ESI) m/z [M+H]": Calcd for C11H1sNO: 178.1232. Found: 178.1233

3-(Dimethylamino)-1-(p-tolyl)propan-1-one (3ba):
S11



The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.30). The product was obtained as brown oil in 88% yield
(33.7 mg). 'H NMR (400 MHz, CDCls) 6 7.88 — 7.84 (m, 2H), 7.27 — 7.24 (m, 2H),
3.25-3.19 (m, 2H), 2.90 — 2.84 (m, 2H), 2.40 (d, J= 6.3 Hz, 3H), 2.38 (d, /= 6.7 Hz,
6H); 3C NMR (100 MHz, CDCl3) § 198.3, 144.3, 134.3, 129.5, 128.3, 54.3, 45.3, 36.4,
21.8; HRMS (ESI) m/z [M+H]": Calcd for C12H;gNO: 192.1388. Found: 192.1386.

3-(Dimethylamino)-1-(2,6-dimethylphenyl)propan-1-one (3ca):

Me O
N/
I
Me

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.25). The product was obtained as brown oil in 85% yield
(34.9 mg). '"H NMR (400 MHz, CDCl3) § 7.17 — 7.13 (m, 1H), 7.01 — 6.99 (m, 2H),
2.97 — 2.93 (m, 2H), 2.82 — 2.78 (m, 2H), 2.31 (s, 6H), 2.22 (s, 6H); '*C NMR (100
MHz, CDCI3) 6 209.2, 142.1, 132.6, 128.8, 127.9, 53.5, 45.4, 42.7, 19.3; HRMS (ESI)
m/z [M+H]": Calcd for C13H20NO: 206.1545. Found: 206.1548.

3-(Dimethylamino)-1-(2-methoxyphenyl)propan-1-one (3da):

OMe O

N/

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.20). The product was obtained as yellow oil in 74% yield
(30.7 mg). '"H NMR (400 MHz, CDCl3) 6 7.60 — 7.58 (m, 1H), 7.38 — 7.33 (m, 1H),
6.91 — 6.86 (m, 2H), 3.80 (s, 3H), 3.11 — 3.07 (m, 2H), 2.64 — 2.60 (m, 2H), 2.18 (s,
6H); *C NMR (100 MHz, CDCls) 6 201.4, 158.5, 133.5, 130.3, 128.3, 120.7, 111.6,
55.5, 54.5, 45.5, 42.1; HRMS (ESI) m/z [M+H]": Calcd for C12HisNO,: 208.1338.
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Found: 208.1342.

3-(Dimethylamino)-1-(4-methoxyphenyl)propan-1-one (3ea):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.20). The product was obtained as yellow solid in 78% yield
(32.3 mg), m.p. 180 - 181 °C. '"H NMR (400 MHz, CDCl3) 6 7.95 — 7.92 (m, 2H), 6.93
—6.90 (m, 2H), 3.85 (s, 3H), 3.17 — 3.14 (m, 2H), 2.84 — 2.80 (m, 2H), 2.34 (s, 6H);
BBCNMR (100 MHz, CDCl3) 6 197.4,163.7, 130.5, 129.9, 113.9, 55.6, 54.4,45.3, 36.2;
HRMS (ESI) m/z [M+H]": Calcd for Ci12H1gNO>: 208.1338. Found: 208.1334.

3-(Dimethylamino)-1-(4-nitrophenyl)propan-1-one (3fa):

0
O)v "
O,N

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢= 0.25). The product was obtained as brown solid in 86% yield
(38.2 mg), m.p. 190 - 191 °C. "H NMR (400 MHz, CDCls) 6 8.32 — 8.29 (m, 2H), 8.12
—8.09 (m, 2H), 3.20 (t,J=7.2 Hz, 2H), 2.77 (t,J = 7.2 Hz, 2H), 2.28 (s, 6H); *C NMR
(100 MHz, CDCl3) 6 197.7, 150.4, 141.4, 129.2, 124.0, 54.0, 45.6, 37.5; HRMS (ESI)
m/z [M+H]": Calcd for C11H15sN203: 223.1083. Found: 223.1076.

3-(Dimethylamino)-1-(4-(trifluoromethyl)phenyl)propan-1-one (3ga):

The title compound was prepared according to the general procedure Method A

(MeOH/DCM = 1/9, R¢= 0.35). The product was obtained as brown oil in 72 % yield

S13



(35.3 mg), m.p. 69 - 70 °C. 'H NMR (400 MHz, CDCl3) § 8.02 — 8.00 (m, 2H), 7.68 —
7.66 (m, 2H), 3.13 (t, J = 7.2 Hz, 2H), 2.72 (t, J = 7.2 Hz, 2H), 2.24 (s, 6H); 13C NMR
(100 MHz, CDCls) 6 198.1, 139.6, 134.4 (q, J = 32.4 Hz), 129.0, 128.4, 127.7, 125.8
(d, J=3.5 Hz), 125.0, 122.3, 54.1, 45.5, 37.3.; '%F NMR (376 MHz, CDCls) J -63.06
(s, 3F); HRMS (ESI) m/z [M+H]": Calcd for C12H,;sFsNO: 246.1106. Found: 246.1113.

3-(Dimethylamino)-1-(4-fluorophenyl)propan-1-one (3ha):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.40). The product was obtained as yellow oil in 88% yield
(34.4 mg). '"H NMR (400 MHz, CDCl3) § 7.91 — 7.86 (m, 2H), 7.04 — 6.98 (m, 2H),
3.05-3.01 (m, 2H), 2.65 (t,J= 7.3 Hz, 2H), 2.18 (s, 6H); '*C NMR (100 MHz, CDCl3)
0197.4,167.0, 164.5, 133.4, 130.7 (d, J = 9.2 Hz), 115.7 (d, J = 22.0 Hz), 54.3, 45.5,
36.8; ’F NMR (376 MHz, CDCl;) § -105.24 (s, 1F); HRMS (ESI) m/z [M+H]": Calcd
for C11HisFNO: 196.1138. Found: 196.1143.

1-(4-Chlorophenyl)-3-(dimethylamino)propan-1-one (3ia):

o
N/
I
cl

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.30). The product was obtained as yellow solid in 82% yield
(34.7 mg), m.p. 69 - 72 °C. 'H NMR (400 MHz, CDCl3) 6 7.92 — 7.88 (m, 2H), 7.45 —
7.41 (m, 2H), 3.12 (t,J = 7.3 Hz, 2H), 2.74 (t, J = 7.3 Hz, 2H), 2.28 (s, 6H); *C NMR
(100 MHz, CDCl3) 6 197.8, 139.4, 135.1, 129.4, 128.8, 54.1, 45.4, 36.8; HRMS (ESI)
m/z [M+H]": Calcd for C11HisCINO: 212.0842. Found: 212.0848.

1-(4-Bromophenyl)-3-(dimethylamino)propan-1-one (3ja):

S14



The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.30). The product was obtained as yellow solid in 84% yield
(43.0 mg), m.p. 58 - 60 °C. '"H NMR (400 MHz, CDCl3) 6 7.82 — 7.79 (m, 2H), 7.60 —
7.57 (m, 2H), 3.14 — 3.10 (m, 2H), 2.75 (t,J = 7.3 Hz, 2H), 2.28 (s, 6H); '*C NMR (100
MHz, CDCl3) 0 198.1, 135.6, 132.1, 129.7, 128.4, 54.3, 45.6, 36.9; HRMS (ESI) m/z
[M+H]": Caled for C11H;sBrNO: 256.0337. Found: 256.0340.

1-(2-Bromophenyl)-3-(dimethylamino)propan-1-one (3ka):

Br O
-

I

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.25). The product was obtained as brown oil in 87% yield
(44.6 mg). '"H NMR (400 MHz, CDCl3) 6 7.59 — 7.55 (m, 1H), 7.40 — 7.37 (m, 1H),
7.36 —7.32 (m, 1H), 7.29 — 7.24 (m, 1H), 3.10 (t, J=7.3 Hz, 2H), 2.72 (t, J = 7.3 Hz,
2H), 2.25 (s, 6H); 3C NMR (100 MHz, CDCls) 6 203.3, 141.7, 133.7, 131.7, 128.7,
128.9,127.6,118.7,54.1,45.4,41.0; HRMS (ESI) m/z [M+H]": Calcd for C;;H;sBrNO:
256.0337. Found: 256.0343.

3-(Dimethylamino)-1-(4-iodophenyl)propan-1-one (3la):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.35). The product was obtained as yellow solid in 85% yield
(51.5 mg), m.p. 82 - 85 °C. '"H NMR (400 MHz, CDCl3) § 7.82 — 7.79 (m, 2H), 7.67 —
7.64 (m, 2H), 3.12 (t, J = 7.3 Hz, 2H), 2.76 (t, J = 7.3 Hz, 2H), 2.29 (s, 6H); '*C NMR
(100 MHz, CDCl3) 6 198.3, 138.1, 136.1, 129.6, 101.3, 54.2, 45.5, 36.8; HRMS (ESI)
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m/z [M+H]": Calcd for C11Hi5INO: 304.0198. Found: 304.0204.

3-(Dimethylamino)-1-(furan-2-yl)propan-1-one (3ma):
o]

\_0 I

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢= 0.40). The product was obtained as yellow solid in 80% yield
(26.8 mg), m.p. 95 - 96 °C 'H NMR (400 MHz, CDCl3) 6 7.58 — 7.53 (m, 1H), 7.18 —
7.17 (m, 1H), 6.51 — 6.50 (m, 1H), 2.97 (t, J = 7.4 Hz, 2H), 2.71 (t, J = 7.3 Hz, 2H),
2.24 (s, 6H); 3C NMR (100 MHz, CDCls) ¢ 188.3, 152.8, 146.5, 117.2, 112.4, 54.3,
454, 36.8; HRMS (ESI) m/z [M+H]": Caled for CoH1sNO,: 168.1025. Found:
168.1023.

3-(Dimethylamino)-1-(thiophen-2-yl)propan-1-one (3na):
)

\_s I

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, Rr= 0.40). The product was obtained as brown solid in 86% yield
(31.5 mg), m.p. 178 - 180 °C 'H NMR (400 MHz, CDCl3) § 7.68 — 7.67 (m, 1H), 7.58
—7.57 (m, 1H), 7.07 (dd, J; = 4.9, J>=3.8 Hz, 1H), 3.03 (t, J=7.3 Hz, 2H), 2.71 (t, J
= 7.3 Hz, 2H), 2.23 (s, 6H); >*C NMR (100 MHz, CDCl;) 6 192.0, 144.3, 133.9, 132.1,
128.3, 54.5, 45.5, 37.6; HRMS (ESI) m/z [M+H]": Caled for CoHi14NOS: 184.0796.
Found: 184.0788.

3-(Dimethylamino)-1-(naphthalen-2-yl)propan-1-one (30a):

The title compound was prepared according to the general procedure Method A

(MeOH/DCM = 1/9, R¢ = 0.30). The product was obtained as yellow oil in 70% yield
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(31.8 mg). "H NMR (400 MHz, CDCls) 6 8.49 (s, 1H), 8.05 — 8.02 (m, 1H), 7.98 — 7.96
(m, 1H), 7.90 — 7.86 (m, 2H), 7.63 — 7.53 (m, 2H), 3.35 — 3.31 (m, 2H), 2.87 (t, J="7.3
Hz, 2H), 2.36 (s, 6H); *C NMR (100 MHz, CDCls) 6 199.0, 135.7, 134.2, 132.6, 129.9,
128.7, 127.9, 126.9, 123.9, 54.5, 45.5, 36.9; HRMS (ESI) m/z [M+H]": Calcd for
C1sHisNO: 228.1388. Found: 228.1397.

(E)-5-(Dimethylamino)-2-methyl-1-phenylpent-1-en-3-one (3pa):

o]

S N~

Me |

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢=0.20). The product was obtained as yellow solid in 85% yield
(36.9 mg), m.p. 62 - 65 °C 'H NMR (400 MHz, CDCls) 6 7.56 — 7.53 (m, 1H), 7.43 —
7.38 (m, 4H), 7.35 — 7.31 (m, 1H), 3.04 (t, /= 7.4 Hz, 2H), 2.76 — 2.73 (m, 2H), 2.32
(s, 6H), 2.05 (d, J = 1.3 Hz, 3H); *C NMR (100 MHz, CDCl3) 6 201.0, 139.1, 137.4,
135.9, 129.9, 128.6, 54.9, 45.5, 35.8, 13.3; HRMS (ESI) m/z [M+H]": Calcd for
Ci14H20NO: 218.1545. Found: 218.1545.

(E)-5-(Dimethylamino)-1-phenylpent-1-en-3-one (3qa):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, Rf = 0.30). The product was obtained as brown oil in 74% yield
(34.2 mg). '"H NMR (400 MHz, CDCl3) § 7.59 — 7.52 (m, 3H), 7.41 — 7.38 (m, 3H),
6.75 (d,J=16.2 Hz, 1H), 2.87 (t,J=7.3 Hz, 2H), 2.71 (t,J= 7.3 Hz, 2H), 2.29 (s, 6H);
3C NMR (100 MHz, CDCls) § 199.2, 143.0, 134.5, 130.7, 129.1, 128.5, 126.2, 54.4,
45.5, 39.1; HRMS (ESI) m/z [M+H]": Caled for Ci3HisNO: 204.1388. Found:
204.1387.

(E)-5-(Dimethylamino)-2-methyl-1-phenylpent-1-en-3-one (3ra):
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The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.25). The product was obtained as brown oil in 61% yield
(20.7 mg). 'H NMR (400 MHz, CDCls) 6 6.77 — 6.73 (m, 1H), 3.36 (s, 4H), 2.78 (s,
6H), 2.31 —2.24 (m, 2H), 1.77 — 1.76 (m, 3H)), 1.09 (t, J= 7.6 Hz, 3H) '3C NMR (100
MHz, CDCI3) 6 197.2, 147.1, 136.0, 53.3, 43.6, 32.6, 29.8, 22.7, 13.0, 11.2; HRMS
(ESI) m/z [M+H]": Calcd for CioH20NO: 170.1545. Found: 170.1539.

1-(Dimethylamino)heptan-3-one (3sa):
o]

Me\/\)k/\N/

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.20). The product was obtained as yellow oil in 54% yield
(17.0 mg). 'H NMR (400 MHz, CDCls) 6 3.30 (t, J = 6.8 Hz, 2H), 3.15 (t, J = 6.9 Hz,
2H), 2.78 (s, 6H), 2.48 (t, /= 7.5 Hz, 2H), 1.58 — 1.51 (m, 2H), 1.34 — 1.26 (m, 2H),
0.89 (t, J= 7.3 Hz, 3H). >*C NMR (100 MHz, CDCls) 6 206.8, 52.4, 43.5, 42.8, 37.6,
25.7, 22.3, 13.9; HRMS (ESI) m/z [M+H]": Calcd for CoHzoNO: 158.1545. Found:
158.1543.

1-Cyclohexyl-3-(dimethylamino)propan-1-one (3ta):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.25). The product was obtained as brown oil in 67% yield
(24.6 mg). '"H NMR (400 MHz, CDCl3) 6 2.65 — 2.62 (m, 2H), 2.60 — 2.56 (m, 2H),
2.34—-2.27 (m, 1H), 2.23 (s, 6H), 1.81 — 1.78 (m, 2H), 1.75 - 1.71 (m, 2H), 1.64 — 1.60
(m, 1H), 1.33 — 1.11 (m, 5H); 3C NMR (100 MHz, CDCl3) § 212.7, 53.8, 51.1, 45.3,
38.6, 28.5, 25.7; HRMS (ESI) m/z [M+H]": Calcd for C;1H22NO: 184.1701. Found:
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184.1707.

1-((3r,5r,7r)-Adamantan-1-yl)-3-(dimethylamino)propan-1-one (3ua):

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.25). The product was obtained as yellow oil in 75% yield
(35.3 mg). '"H NMR (400 MHz, CDCl3) § 2.70 — 2.65 (m, 2H), 2.62 — 2.58 (m, 2H),
2.27 (s, 6H), 2.00 (s, 3H), 1.77 (d, J = 2.7 Hz, 6H), 1.67 (dd, J = 12.2 Hz, 6H); 1*C
NMR (100 MHz, CDCl3) 0 214.2, 53.9, 46.6, 45.3, 38.3, 36.6, 34.2, 28.0; HRMS (ESI)
m/z [M+H]": Calcd for C1sH26NO: 236.2014. Found: 236.2021.

3-(Diethylamino)-1-phenylpropan-1-one (3ab):
o}

Ph)j\/\N'Et

!
Et

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.20). The product was obtained as brown solid. yield: 82%
(33.7 mg). m.p. 105 - 108 °C. '"H NMR (400 MHz, CDCl3) 6 7.98 — 7.95 (m, 2H), 7.58
—7.54 (m, 1H), 7.48 — 7.44 (m, 2H), 3.22 — 3.18 (m, 2H), 2.99 — 2.95 (m, 2H), 2.63 (q,
J=17.2Hz, 4H), 1.08 (t, J= 7.2 Hz, 6H); *C NMR (100 MHz, CDCl;3) 6 199.6, 137.0,
133.3, 128.8, 128.2, 47.9, 47.1, 36.2, 11.6; HRMS (ESI) m/z [M+H]": Caled for
C13H20NO: 206.1545. Found: 206.1538.

3-(Methoxy(methyl)amino)-1-phenylpropan-1-one (3ac):

0]

Ph)J\/\N,OMe

I
The title compound was prepared according to the general procedure Method A (EA/PE

= 1/9, R¢ = 0.45). The product was obtained as brown oil in 88% yield (34.0 mg). 'H

NMR (400 MHz, CDCl;) 6 8.00 — 7.97 (m, 2H), 7.58 — 7.54 (m, 1H), 7.49 — 7.44 (m,
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2H), 3.48 (s, 3H), 3.26 (t, J = 6.9 Hz, 2H), 3.07 (t, J = 6.9 Hz, 2H), 2.62 (s, 3H); 13C
NMR (100 MHz, CDCl3) 6 199.2, 137.5, 133.2, 128.7, 128.2, 60.2, 55.7, 45.3, 36.4;
HRMS (ESI) m/z [M+H]": Calcd for C1iH16NO: 194.1181. Found: 194.1179.

3-(Methyl(phenyl)amino)-1-phenylpropan-1-one (3ad):
0]

Ph)j\/\l}l/

Ph
The title compound was prepared according to the general procedure Method B (EA/PE
= 1/9, Ry = 0.50). The product was obtained as yellow solid in 87% yield (41.6 mg),
m.p. 59 - 60 °C. '"H NMR (400 MHz, CDCl3) 6 7.96 — 7.93 (m, 2H), 7.59 — 7.55 (m,
1H), 7.48 — 7.44 (m, 2H), 7.30 — 7.24 (m, 2H), 6.78 — 6.73 (m, 3H), 3.87 — 3.84 (m,
2H), 3.27 — 3.23 (m, 2H), 2.99 (s, 3H); *C NMR (100 MHz, CDCl3) J 199.7, 148.7,
137.0, 133.4, 129.5, 128.8, 128.2, 116.7, 112.5, 48.1, 38.7, 35.3; HRMS (ESI) m/z

[M+H]": Caled for Ci16HisNO: 240.1388. Found: 240.1392

3-(Benzyl(methyl)amino)-1-phenylpropan-1-one (3ae):

O
Ph)l\/\l}l/
Bn

The title compound was prepared according to the general procedure Method B
(MeOH/DCM = 1/9, R¢= 0.60). The product was obtained as yellow solid in 71% yield
(36.0 mg), m.p. 187 - 188 °C. 'H NMR (400 MHz, CDCl3) 6 7.95 — 7.92 (m, 2H), 7.58
—7.54 (m, 1H), 7.47 — 7.43 (m, 2H), 7.30 — 7.29 (m, 4H), 7.25 — 7.23 (m, 1H), 3.56 (s,
2H), 3.21 — 3.18 (m, 2H), 2.91 — 2.87 (m, 2H), 2.26 (s, 3H); '*C NMR (100 MHz,
CDCl3)0199.6,138.9,137.1,133.2,129.1, 128.7, 128.4, 128.2, 127.2, 62.5, 52.6, 42 .4,
37.0; HRMS (ESI) m/z [M+H]": Calcd for C17H20NO: 254.1545. Found: 254.1546.

3-(Dibenzylamino)-1-phenylpropan-1-one (3af):
0]

Ph)]\/\ .Bn

n

@-=
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The title compound was prepared according to the general procedure Method B (EA/PE
= 1/4, Rr = 0.55). The product was obtained as yellow solid in 65% yield (42.8 mg),
m.p. 38 - 40 °C. '"H NMR (400 MHz, CDCl3) 6 7.84 — 7.82 (m, 2H), 7.55 — 7.51 (m,
1H), 7.42 — 7.38 (m, 2H), 7.35 — 7.34 (m, 4H), 7.31 — 7.27 (m, 4H), 7.24 — 7.21 (m,
2H), 3.64 (s, 4H), 3.16 — 3.12 (m, 2H), 2.95 (t, J = 7.3 Hz, 2H); *C NMR (100 MHz,
CDCl3) 6 199.8,139.5,137.0,133.1, 128.9, 128.7, 128.4, 128.2, 127.1, 58.7,49.4, 37.1;
HRMS (ESI) m/z [M+H]": Calcd for C23H24NO: 330.1858. Found: 330.1852.

1-Phenyl-3-(pyrrolidin-1-yl)propan-1-one (3ag):
0

Ph)‘\/\D

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, Ry = 0.20). The product was obtained as brown solid in 73% yield
(29.7 mg), m.p. 155 - 156 °C. '"H NMR (400 MHz, CDCI3) 6 7.95 — 7.93 (m, 2H), 7.55
—7.51 (m, 1H), 7.45 — 7.41 (m, 2H), 3.27 — 3.23 (m, 2H), 2.96 — 2.92 (m, 2H), 2.63 —
2.59 (m, 4H), 1.84 — 1.79 (m, 4H).; *C NMR (100 MHz, CDCl3) 6 197.5, 136.1, 133.9,
128.9, 128.3, 54.2, 50.5, 36.2, 23.5; HRMS (ESI) m/z [M+H]": Calcd for Ci3Hi3sNO:
204.1388. Found: 204.1385.

1-Phenyl-3-(piperidin-1-yl)propan-1-one (3ah):
0O

Ph)J\/\N
O

The title compound was prepared according to the general procedure Method A (EA/PE
= 1/4, R¢ = 0.70). The product was obtained as brown solid in 80% yield (34.7 mg),
m.p. 192 - 193 °C. 'H NMR (400 MHz, CDCl3) § 7.94 — 7.91 (m, 2H), 7.54 — 7.50 (m,
1H), 7.44 — 7.40 (m, 2H), 3.29 — 3.25 (m, 2H), 2.89 — 2.85 (m, 2H), 2.53 (s, 4H), 1.66
— 1.61 (m, 4H), 1.47 — 1.44 (m, 2H); '3C NMR (100 MHz, CDCls) § 198.9, 136.7,
133.4, 128.8, 128.2, 54.6, 53.6, 35.8, 25.4, 23.9; HRMS (ESI) m/z [M+H]": Calcd for
C14H20NO: 218.1545. Found: 218.1547.
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3-Morpholino-1-phenylpropan-1-one (3ai):
0]

Ph)l\/\N/\

o)

The title compound was prepared according to the general procedure Method A
(MeOH/DCM = 1/9, R¢ = 0.75). The product was obtained as yellow oil in 79% yield
(34.6 mg). '"H NMR (400 MHz, CDCl3) § 7.97 — 7.94 (m, 2H), 7.59 — 7.54 (m, 1H),
7.48 —7.44 (m, 2H), 3.73 — 3.71 (m, 4H), 3.22 — 3.18 (m, 2H), 2.84 (t, J= 7.4 Hz, 2H),
2.53 —2.51 (m, 4H); *C NMR (100 MHz, CDCl3) 6 199.0, 136.9, 133.3, 128.8, 128.2,
67.0, 53.8, 53.6, 36.0; HRMS (ESI) m/z [M+H]": Calcd for Ci4sH20NO: 220.1338.
Found: 220.1344.

3-(Indolin-1-yl)-1-phenylpropan-1-one (3aj):

Ph)’\/\B

The title compound was prepared according to the general procedure Method B (EA/PE
= 1/9, R¢ = 0.60). The product was obtained as brown oil in 85% yield (42.7 mg). 'H
NMR (400 MHz, CDCI3) 0 8.00 — 7.97 (m, 2H), 7.61 — 7.56 (m, 1H), 7.50 — 7.46 (m,
2H), 7.11 = 7.07 (m, 2H), 6.69 — 6.65 (m, 1H), 6.55 (d, /= 7.9 Hz, 1H), 3.60 (t,J=7.1
Hz, 2H), 3.42 (t, J = 8.3 Hz, 2H), 3.28 (t,J = 7.1 Hz, 2H), 2.97 (t,J = 8.3 Hz, 2H); °C
NMR (100 MHz, CDCl3) 6 199.3, 152.0, 137.0, 133.4, 130.2, 128.8, 128.2, 127.5, 124.6,

117.8, 107.1, 53.4, 44.3, 35.9, 28.8; HRMS (ESI) m/z [M+H]": Calcd for C17HsNO:
252.1388. Found: 252.1380.

3-(3,4-Dihydroquinolin-1(2H)-yl)-1-phenylpropan-1-one (3ak):

Ph)l\/\NE j
The title compound was prepared according to the general procedure Method B (EA/PE

=1/9, R¢ = 0.50). The product was obtained as yellow oil in 68% yield (36.1 mg). 'H
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NMR (400 MHz, CDCl3) 6 7.97 — 7.95 (m, 2H), 7.59 — 7.55 (m, 1H), 7.49 — 7.44 (m,
2H), 7.10 — 7.06 (m, 1H), 6.98 — 6.96 (m, 1H), 6.64 — 6.59 (m, 2H), 3.79 — 3.76 (m,
2H), 3.35-3.32 (m, 2H), 3.30 — 3.26 (m, 2H), 2.76 (t,J = 6.4 Hz, 2H), 1.98 — 1.92 (m,
2H); 3C NMR (100 MHz, CDCls) 6 201.0, 196.7, 144.0, 136.4, 133.6, 129.4, 128.7,
128.1, 127.3,125.8 (g, J = 3.8), 51.8, 46.2, 21.2; ’F NMR (376 MHz, CDCl;) 6 -62.7
(s, 3F); HRMS (ESI) m/z [M+H]": Calcd for Ci1sH20NO: 266.1545. Found: 266.1543.

3-(3,4-Dihydroisoquinolin-2(1H)-yl)-1-phenylpropan-1-one (3al):

Ph/u\/\l\%

The title compound was prepared according to the general procedure Method B (EA/PE
= 1/4, Ry = 0.40). The product was obtained as yellow oil in 66% yield (35.0 mg). 'H
NMR (400 MHz, CDCl3) 0 8.01 — 7.98 (m, 2H), 7.61 — 7.56 (m, 1H), 7.50 — 7.46 (m,
2H), 7.14 — 7.11 (m, 3H), 7.04 — 7.03 (m, 1H), 3.73 (s, 2H), 3.33 (t, /= 7.4 Hz, 2H),
3.05-3.02 (m, 2H), 2.93 (d, J = 5.6 Hz, 2H), 2.84 (t, J = 5.0 Hz, 2H).; '*C NMR (100
MHz, CDCl3) 0 199.2, 137.0, 134.4, 134.1, 133.3 128.8, 128.2, 126.7, 125.8, 56.2, 53.0,
51.2, 36.8, 29.1; HRMS (ESI) m/z [M+H]": Calcd for CisHxoNO: 266.1545. Found:
266.1544.

General procedure for mechanism studies:

Control experiments:

(a) A tube was charged with 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.),
HBpin (0.50 mmol, 2.5 equiv.) and TEMPO (0.40 mmol, 2.0 equiv.) in THF (2.0 mL).
The resulting mixture was stirred at room temperature until the starting material was
consumed completely (about 4.0 h). The reaction solution was concentrated under
reduced pressure and purified by column chromatography (dichloromethane: methanol

=9 :1) to afford the product 3aa as yellow solid. Yield: 87% (30.9 mg).
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(b) A tube was charged with 1a (0.20 mmol, 1.0 equiv.) and HBpin (0.50 mmol, 2.5
equiv.) in THF (2.0 mL). The reaction mixture was stirred at room temperature for 24
hours. The solution was concentrated in vacuo. The crude yield was detected from 'H

NMR using 1,1,2,2- tetrachloroethane as an internal standard (NMR yield: 0%).

(c) A tube was charged with 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.),
HBpin (0.30 mmol, 1.5 equiv.) in THF (2.0 mL). The resulting mixture was stirred at
room temperature until the starting material 1a was consumed completely (4.0 h). The
reaction solution was concentrated under reduced pressure and purified by column
chromatography (dichloromethane: methanol = 9: 1) to afford the product 3aa (35%,
12.4 mg) + 3aa' (59%, 20.7 mg).

(d) To a flame-dried vial was added amine 4 (2.0 mmol, 1.0 equiv), HBpin (2.0 mmol,
1.0 equiv) and CH3CN. The reaction was carried out at 120 °C for 24 hours. After the
reaction was completed, removal of all the volatiles under vacuum could obtain pure
product 2f-B. Yield: 89% (575.4 mg). The base (NaOBu, 0.05 mmol) and
dibenzylamino-pinacolborane (0.30 mmol, 1.5 equiv.) were transferred into a tube
under air atmosphere with methanol (2.0 mL). The ynones (0.20 mmol, 1.0 equiv.) and
HBpin (0.30 mmol, 1.5 equiv.) was then added and the reaction mixture was stirred at
70 °C external temperature for 17 hours. The crude product was purified by flash
column chromatography (petroleum ether: ethyl acetate = 9: 1) to afford the product

3af. Yield: 75% (49.5 mg).

D-labelling experiments:

(a) A mixture of 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.), HBpin (0.50
mmol, 2.5 equiv.), D20 (1.0 mmol, 5.0 equiv.) and anhydrous THF (2.0 mL) was added
in an oven-dried Schlenk tube under nitrogen protection. The resulting mixture was
stirred at room temperature for 4.0 hours. Then the reaction solution was concentrated
under reduced pressure and purified by column chromatography (dichloromethane:

methanol = 9: 1) to afford the product 3aa. Yield: 64% (22.7 mg).
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(b) A mixture of 1a (0.20 mmol, 1.0 equiv.), 2f-d (0.30 mmol, 1.5 equiv.), HBpin (0.50
mmol, 2.5 equiv.) and THF (2.0 mL) was added in an oven-dried Schlenk tube. The
resulting mixture was stirred at room temperature for 4.0 hours. Then the reaction
solution was concentrated under reduced pressure and purified by column
chromatography (dichloromethane: methanol = 9: 1) to afford the product 3af-1. Yield:
62% (41.1 mg).

(¢) A mixture of 1a (0.20 mmol, 1.0 equiv.), 2f-d (0.30 mmol, 1.5 equiv.) and THF (2.0
mL) was added in an oven-dried Schlenk tube. The resulting mixture was stirred at
room temperature for 4.0 hours. Then the reaction solution was concentrated under
reduced pressure and purified by column chromatography (dichloromethane: methanol

=9: 1) to afford the product 3af'-1. Yield: 81% (53.3 mg).

(d) A mixture of NaBD4 (1.5 mmol, 62.8 mg, 3.0 equiv.), pinacol (0.5 mmol, 59.2 mg,
2.5 equiv.) and dry DCE (0.4 mL) was added in an oven-dried Schlenk tube under
nitrogen protection. Then a solution of iodine (0.80 mmol, 200.0 mg, 1.6 equiv.) in dry
DCE (0.4 mL) was added dropwise. The resulting mixture was stirred at room
temperature for 2.0 h. Then 1a (0.2 mmol, 1.0 equiv.), 2a (0.3 mmol, 1.5 equiv.) and
THF (2.0 mL) was added subsequently and the reaction mixture was stirred at room
temperature until the starting material was consumed completely. Then the reaction
solution was concentrated under reduced pressure and purified by column
chromatography (dichloromethane: methanol = 9: 1) to afford the product 3aa-I. Yield:
67% (23.8 mg).

General procedure for applications and their spectral data:
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Diverse of transformations

a OH
)l\/\ NO _ TBN, TEMPO NaBH,
Ph N > )\/\ -
l!lo MeCN, 50 °C MeOH, rt Ph N
6, 72% 4, 95%
(o] N,OMe

MeONH,+HCI
)l\/\ .Ph PhNH, )I\/\
Ph - NaOAc > ph N~
FeCl3, H,0, it EtOH/H,0, 70 °C
7,84% 5,91%

Scheme S1. Synthetic applications

Gram scale synthesis of 3aa:

(0] o
©)J\\ . HN/ HBpin -
N b THF, rt, Air |

1a 2a 3aa
A tube was charged with 1a (10.0 mmol, 1.30 g, 1.0 equiv.), 2a (15.0 mmol, 7.5 mL,
1.5 equiv., 2.0 M in THF), HBpin (25.0 mmol, 3.20 g, 2.5 equiv.) under open-flask in
THF (100.0 mL). The resulting mixture was stirred at room temperature until the 1 was
consumed completely (about 6.0 hours). After completion of the reaction (monitored
by TLC), the reaction solution was concentrated under reduced pressure and purified

by column chromatography (dichloromethane: methanol = 9: 1) to give the desired

product 3aa as yellow solid in 82% yield (1.45 g).

3-(Dimethylamino)-1-phenylpropan-1-ol (4):

(o] OH
NaBH
| MeOH, rt |
3aa 4

To a solution of 3-(dimethylamino)-1-phenylpropan-l-one 3aa (0.20 mmol, 35.5 mg,
1.0 equiv.) in MeOH (2.0 mL) was added NaBH4 (0.40 mmol, 83.2 mg, 2.0 equiv.) at
room temperature and the reaction mixture was stirred at the same temperature for 30

min under nitrogen atmosphere. The mixture was poured into H>O (5 mL) and extracted
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with EtOAc (10 mL). The organic layer was washed with brine (10 mL) and dried with
NazSOs. After removal of the solvent, the residue was subjected to column
chromatography to give 4 as brown oil in 95% yield (34.1 mg). 'H NMR (400 MHz,
CDCl3) 6 7.39 — 7.31 (m, 4H), 7.25 — 7.21 (m, 1H), 6.33 (s, 1H), 4.90 (dd, J; = 7.5, J>
=4.2 Hz, 1H), 2.66 — 2.59 (m, 1H), 2.49 — 2.43 (m, 1H), 2.28 (s, 6H), 1.88 — 1.77 (m,
2H); 3C NMR (100 MHz, CDCls) 6 145.3, 128.3, 127.0, 125.7, 75.5, 58.3, 45.4, 34.8;
HRMS (ESI) m/z [M+H]": Calcd for C11H1sNO: 180.1388. Found: 180.1383.

(E)-3-(Dimethylamino)-1-phenylpropan-1-one O-methyloxime (5):

o MeONH,-HClI .OMe
NaOAc NI
N/ > e
| H,O: EtOH (3:1) T
70°C,8h
3aa 5

To a 15 mL tube equipped with a stir bar was added 3-(dimethylamino)-1-phenyl-
propan-l-one 3aa (0.20 mmol, 34.5 mg, 1.0 equiv.), MeONH2*HCI (0.54 mmol, 45.2
mg, 2.7 equiv.), NaOAc (0.88 mmol, 72.2 mg, 4.4 equiv.), H>O (1.5 mL) and EtOH (0.5
mL). The flask was equipped with a reflux condenser and heated at 70°C for 8 h. After
cooling to room temperature, the mixture was extracted with EtOAc (3 x 10 mL). The
organic layers were combined, dried with Na>xSO4, and concentrated. The purification
was performed by flash column chromatography to afford desired pure oximes 5 as
yellow oil in 91% yield (37.6 mg). 'H NMR (400 MHz, CDCls3) 6 7.67 — 7.65 (m, 3H),
7.39 — 7.35 (m, 2H), 3.99 (s, 3H), 3.06 — 3.02 (m, 2H), 2.68 — 2.64 (m, 2H), 2.43 (s,
6H); *C NMR (100 MHz, CDCls) 6 155.8, 135.2, 129.5, 128.8, 126.3, 62.2, 52.3, 44.6,
24.5; HRMS (ESI) m/z [M+H]": Calcd for C12H9N20: 207.1497. Found: 207.1496.

N-Nitroso-N-(3-0xo0-3-phenylpropyl)nitrous amide (6):

o TBN o
TEMPO (10 mol%)
N/ 5 - v N,NO
| MeCN, 50 °C, Air NO
3aa 6

A tube was charged with 3-(dimethylamino)-1-phenyl-propan-l-one 3aa (0.20 mmol,
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34.5 mg, 1.0 equiv.), t-butyl nitrite (TBN) (0.30 mmol, 30.9 mg, 1.5 equiv.) and 2,2,6,6
-tetramethyl-1—piperid- inyloxy (TEMPO) (0.02 mmol, 3.2 mg, 10 mol %) in CH3;CN
(2 mL). And the reaction mixture was stirred at 70 °C until the starting material was
fully consumed (24 h). The organic layers were combined, dried with Na>SOs, and
concentrated. The purification was performed by flash column chromatography to give
6 as yellow solid in 72% yield (29.9 mg). m.p. 71 - 73 °C. 'H NMR (400 MHz, CDCls)
0 8.01 —7.97 (m, 2H), 7.65 — 7.61 (m, 1H), 7.53 — 7.49 (m, 2H), 4.84 (t, J = 6.1 Hz,
2H), 3.67 (t,J= 6.1 Hz, 2H); '*C NMR (100 MHz, CDCl3) § 195.1, 135.8, 134.1, 129.0,
128.3, 69.4, 35.0; HRMS (ESI) m/z [M+H]": Calcd for CoHioN303: 208.0722. Found:
208.0715.

1-Phenyl-3-(phenylamino)propan-1-one (7):

_ FeCl; (20 mol%)
N > N
| H,0, rt H
3aa 7

A tube was charged with 3-(dimethylamino)-1-phenyl-propan-l-one 3aa (0.20 mmol,
34.5 mg, 1.0 equiv.), aniline (0.20 mmol, 18.7 mg, 1.0 equiv.), FeClz (0.04 mmol, 6.5
mg, 20 mol %) in H>O (5.0 mL). The resulting mixture was stirred at room temperature
until the starting material was fully consumed. And then the mixture was extracted with
EtOAc (3 x 10 mL). The organic layers were combined, dried with Na;SOa, and
concentrated. The purification was performed by flash column chromatography to
afford desired pure oximes 7 as yellow solid in 82% yield (37.0 mg). m.p. 102 - 104 °C.
'H NMR (400 MHz, CDCI3) § 7.97 — 7.95 (m, 2H), 7.60 — 7.56 (m, 1H), 7.49 — 7.45
(m, 2H), 7.22 - 7.17 (m, 2H), 6.75 - 6.71 (m, 1H), 6.69 — 6.66 (m, 2H), 3.63 (t,J=6.1
Hz, 2H), 3.30 (t, J= 6.1 Hz, 2H); 3C NMR (100 MHz, CDCl3) 6 199.5, 147.7, 136.8,
133.5, 129.5, 128.8, 128.2, 117.9, 113.3, 39.0, 37.7, HRMS (ESI) m/z [M+H]": Calcd
for CisHisNO: 226.1232. Found: 226.1234.

General procedures for Proroxan and Propipocaine:
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Proroxan

o 0
(0] H __MgBI' . MnOz - (o) S
( THF, -10 °C - rt DCM [ N
o (o}

5.0 mmol 1v, 85%

RAYENGeaaecy

HBpin, THF, rt

3vm, 82% (0.3 mmol) Proroxan
76% (1.5 mmol)

Propipocaine

o} o}
/@)LH =—MgBr MnO, /@)‘\\\
~"o THF, -10 °C - rt DCM o
5.0 mmol 1w, 79%
HN ) o
HBpin, THF, rt ~"o
3wh,84% (0.3 mmol) Propipocaine
81% (1.5 mmol)
Scheme S2. Synthesis of drug molecules.
1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)prop-2-yn-1-one (1v):
o o]
Eo H =—MgBr . MnO, - fo) ~
THF, -10°C-rt  DCM [ N
o o
1v

The title compound was prepared according to the general procedure (EA/PE = 1/9, Ry
= 0.60). The product was obtained as yellow solid in 85% yield (799.8 mg), m.p. 106 -
107 °C. '"H NMR (400 MHz, CDCl3) § 7.68 — 7.64 (m, 2H), 6.90 (d, J = 8.4 Hz, 1H),
4.32 —4.30 (m, 2H), 4.27 — 4.25 (m, 2H), 3.38 (s, 1H); '*C NMR (100 MHz, CDCl;3) &
176.0, 149.6, 143.5, 130.3, 124.3, 119.0, 117.6, 80.4, 64.9, 64.1; HRMS (ESI) m/z
[M+H]": Caled for C11HoO3: 189.0552. Found: 189.0554.

1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-(3-phenylpyrrolidin-1-yl)propan-1-
one(Proroxan, 3vm):
i HBpin i
COrs 00 =2 o0
1v 2m 3vm
A tube was charged with 1v (0.30 mmol, 56.5 mg, 1.0 equiv.), 2m (0.45 mmol, 66.3
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mg, 1.5 equiv.), HBpin (0.75 mmol, 96.0 mg, 2.5 equiv.) in THF (2.0 mL). And the
reaction mixture was stirred until the 1v was consumed completely. After completion
of the reaction (monitored by TLC, MeOH/DCM = 1/9, R¢=0.25), the reaction mixture
was concentrated under reduced pressure and purified by column chromatography
(dichloromethane: methanol = 9: 1). The product 3vm was obtained as yellow oil in 82%
yield (0.30 mmol scale, 83.0 mg) and 76% yield (1.5 mmol scale, 384.7 mg). 'H NMR
(400 MHz, CDCl3) ¢ 7.51 — 7.48 (m, 2H), 7.29 — 7.23 (m, 4H), 7.19 — 7.15 (m, 1H),
6.89 —6.87 (m, 1H), 4.28 —4.26 (m, 2H), 4.24 — 4.22 (m, 2H), 3.38 (p, /= 8.0 Hz, 1H),
3.19 — 3.11 (m, 3H), 3.05 — 3.00 (m, 1H), 2.98 — 2.89 (m, 2H), 2.78 — 2.72 (m, 1H),
2.62 —2.57 (m, 1H), 2.37 — 2.28 (m, 1H), 1.94 — 1.85 (m, 1H); *C NMR (100 MHz,
CDCl3) 0 197.5, 148.2, 144.9, 143.5, 130.8, 128.6, 127.4, 126.4, 122.3, 117.7, 117.4,
64.8, 64.2, 62.3, 54.8, 51.3, 43.5, 37.6, 33.3; HRMS (ESI) m/z [M+H]": Calcd for
C21H24NO3: 338.1756. Found: 338.1753.

1-(4-Propoxyphenyl)prop-2-yn-1-one (1w):
o}

_ o)
——MgBr MnO,
H > - \\
~"o THF, -10 °C - rt DCM ~o

The title compound was prepared according to the general procedure (EA/PE = 1/9, R¢

=0.65). The product was obtained as yellow oil in 79% yield (648.6 mg). '"H NMR (400
MHz, CDCl) 6 8.09 — 8.06 (m, 2H), 6.92 — 6.89 (m, 2H), 3.96 (t, J= 6.5 Hz, 2H), 3.40
(s, 1H), 1.80 (h, J= 7.3 Hz, 2H), 1.02 (t,J = 7.4 Hz, 3H); '3C NMR (100 MHz, CDCls)
0 176.1, 164.6, 132.3, 129.4, 114.5, 80.5, 80.3, 70.0, 22.5, 10.6; HRMS (ESI) m/z
[M+H]": Caled for Ci12Hi1302: 189.0916. Found: 189.0921.

3-(Piperidin-1-yl)-1-(4-propoxyphenyl)propan-1-one (Propipocaine, 3wh):

fo) o
HBpi
THF, rt
~"0o ~"o
1w

2h 3wh

A tube was charged with 1w (56.5 mg, 0.3 mmol, 1.0 equiv.), 2h (38.4 mg, 0.45 mmol,
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1.5 equiv.), HBpin (0.75 mmol, 96.0 mg, 2.5 equiv.) in THF (2.0 mL). And the reaction
mixture was stirred until the 1v was consumed completely. After completion of the
reaction (monitored by TLC, MeOH/DCM = 1/9, R¢ = 0.25), the reaction mixture was
concentrated under reduced pressure and purified by column chromatography
(dichloromethane: methanol = 9: 1). The product 3wh was obtained as yellow oil in 84%
yield (0.30 mmol scale, 70.0 mg) and 81% yield (1.5 mmol scale, 334.6 mg). 'H NMR
(400 MHz, CDCl3) 0 7.89 — 7.86 (m, 2H), 6.87 — 6.84 (m, 2H), 3.91 (t, J= 6.6 Hz, 2H),
3.11 = 3.07 (m, 2H), 2.75 — 2.71 (m, 2H), 2.40 (s, 4H), 1.76 (h, J= 7.4 Hz, 2H), 1.54
(p, J=5.6 Hz, 4H), 1.41 — 1.38 (m, 2H), 0.98 (t, J= 7.4 Hz, 3H); '3*C NMR (100 MHz,
CDClI3) 6 198.0,163.2,130.4,129.9, 114.2, 69.8, 54.7, 54.2,36.0,26.0,24.4,22.5, 10.6;
HRMS (ESI) m/z [M+H]": Calcd for C17H26NO>: 276.1964. Found: 276.1967.
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'H and BC NMR spectra of ynones

Ce8888 3% 3 S
(RN [
1a
4 |
T r ]
= 83 8
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
8 2838 greoy
S £3g8 SSrre
— - — D D~~~ =
SN = N
1a
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)

S32




58 =8 3 3
M~ P~ ~ ~ o o
e ~ \

4

Me
1b

1,004 —r

3.03=

U
] =
o o

—0.000

L

1.5

1.0 05 0.0 -0.5 -1.0

f1 (ppm)

11.0 10.5 10.0 9.5 90 85 80 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 2.0
1 (ppm)
0 [ o P=
g g £88 52288 S
~ w3 == DN Q© ~
~ =t e S S OO~ -—
— — — = = W @D M~~~ o~
NN N
Me
1b
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S33



vLiEE—

HEYE

0ED 1
55047
HTNAN
£l
EET L]
09z'2

Me

-1.0

-0.5

0.0

0.5

1.0

1.5

009,

4

Me
1c

E— R

o

—— v

= MEE0

65 60 55 50 45 4.0 25 20

&5 a.0

1.0 105 10,0 95 9.0

3.0

3.5

75 T.0

f1 (ppm}

BYOEL—

18894y
50744,
7754
G19'he
05878’

CFERT L
GRO0EL
HRTEL
BFPBEL"

90181~

o

o
=

7

»1

Me
1c

210 200 180 180 1¥0 160 150 140 130 120 110 100 B0 a0 7o 50 50 40 30 20
1 (ppm}

220

S34



0000—

7eeE—

Ce6e—

6669
P10
8501
15011
6501
PIT LY
625711
ges L
035
y35°L
8952

6151

0s0e
550
0.0

vi08

OMe O

4

1d

=00'1

17 8LE

=iz

=90}

=€0'1

-1.0

11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 -05

1 (ppm)

€LL65—

2899,
0002
:m.t%
62E6L )
00478

veLeL —

¥l —
yL9GCL—

0LLEEl~
[14c11 o

£16'650—

896G —

7

OMe O
1d

10

20

40 30

50

20 80 70 60

190 180 170 160 150 140 130 120 110

210 200

-10

100
1 (ppm)

S35



g 5% g g g
@ o5 © @ P 3 <
7 e | | |
0]
SN
MeO
1e

l 1 M A 1

i i | T

= S 3 3

o~ o~ 3 ~—

T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0

f1 (ppm)
I = 2 2 cgmas e
a5 S3 & FE588 8
L [ oY =2 o3 g
k3 24 g EEREE 8
| I AN | s N |

MeO

I

T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110f1 200 )90 80 70 80 50 40 30 20 10 O -10
ppm

S36



529,
079

0971~
00€ '8,
2081
108"
9169
£760"
0EED
1E6D

/vED

1568

£SEE

4

1f

O,N

100

o0 -0.5 1.0

50 45 40 35 30 25 20 15 1.0 05

71 (ppm}

3.5

1.0 105 100 85 50 85 80 75 70O 65 &0

b2891Y
FIVIR
BGP'LL)
b16L
z20es’

GEEET)
noLoek

G6L0FL—

PEL IS

CIEGLL T

e

bk
"

V4

o

1f

O,N

Lan b

sl

=10

180 180 170 180 4150 140 130 120 110 100 B0 80 ¥F0 S0 S0 40 30 20 10
1 (ppm}

20 210 200

837



0000-—

Cge—

9L,
WL

€978~
€878

4

FsC

19

Fool

Feoz

Faz

-1.0

1.0 05 0.0 -05

1.5

1 (ppm)

11.0 105 100 9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

18992
000'LL

m_EQ
6L

59028

HEBLL
reueet
BELTTL
0.9°621
80L'GZ1
9rLSTL
£8L°5C1
|31 XA f
106621
120'5EL
LPESEL
€L9'5E1
B866'SEL
1878EL

8sLoLl—

4

19

FsC

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (o] -10
1 (ppm)

190

220 210 200

S38



F3C

19

4

—-63.152

50

30

10

-10

-30

-50

-70

-90
f1 (ppm)

-110

-130

-150

-170

-190

-210

-230

-250

S39




0000-—

867E—

(A1
mt.hW
v6l'L

[71%:}
9818
€618

1028

4

1h

Jle

T T
1. 1.0 05 00 -05 -1.0

T
2.0

3.0 25

=00

3.5

65 60 55 50 45 40
1 (ppm)

T
7.0

Fuz

80 75

Fsoz

T T T T
9.0 85

11.0 10.5 10.0 9.5

189°9L
000°ZL
8lELL
oom.m__%
68018

881611
oS.m:v

¥ el
¢BeTEl
189CEL
0L9CEL

€CE'901 ~
€88'201—

L1961 —

4

T T T T
50 40 30 20

60

70

20

100
1 (ppm)

110

120

130

1h

A A _,u;

T T T T T T
190 180 170 160 150 140

220 210 200

-10

10

=o]

S40



—-102.161

Z

-210 -230 -250

-150 -170 -190

-90 -110 -130
f1 (ppm)

-10 -30 -50 -70

S41



8% 33§ g g
oo oo M~~~ o <
[N | |
0]
Cl
1i
— —
T T oy
) 8 8
o o —
11.0 10.5 10.0 9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
f{e] -5 O
g £388 RE583
Qe 333 p ey
~— — o T T QO M~ M~ M~ M~
TN R
0]
Cl
1i
g A e l { " oot it v i) oot i e L L
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90O 80 70 60 50 40 30 20 10 o} -10

T T T T T
220 210 200 190 180
f1 (ppm)

S42



[ =]
98885 3 :
0 00 M M= M~ o« T
= \

W

Br

1.00{%

——
g
(o]

2013

1.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
1 (ppm)

176.233
134.824
132.022
130.978
130.066

81.340
79.822
77.318
77.000
76.682

/
X
n
b

Z4

Br

220 210 200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20 10 0] -10
f1 (ppm)

S43



0000-—

orse—

- 91
00v'L
0zy'L
BEYL
L1
089°L7
il
P8~
geLg”

Br

4

1k

— 1001

Ey0T
=40°L

Feo)

11.0 10.5 10.0 95

40 35 30 25 20 15 10 05 0.0

4.5

5.0

5.5

85 80 7.5 70 65 60

9.0

f1 (ppm)

189°9/
00022
em.t\\w
15908
96518

DA N
6LELCL

SI9EEL
678°€E _%
060°GEL~E
959681

oLeall—

Br

4

1k

220 210 200

-10

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

190

S44



o
T OM~O0O® o (=)
S8BB8LK i 3
PG N o« 2
B |
A ,,_J A

Ex e

(=] [}

] S

=t -—

T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0

1 (ppm)
= SER 8 55288
g 888 8 serre
| 177 \ SRS
0]
%

11

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S45



§83 2 & g
M~~~ ©w Ll =
N |
0]
~
Lo D
0]
1m
J M. A
o T T
8 3 3 8

T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5 10 05 00 -05 -1.0

1 (ppm)
2 g Y ~ = © 0o ol
(=3 © 1 — - 5588
g o 8 g SErs
| [ | | N
O
X
S
O
1m
Lol » o ,

T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 SO 80 70 60 50 40 30 20 10 o] -10
f1 (ppm)

S46



220 210 200 190 180 170 160 150 140 130 120

80
1 (ppm)

70 60 50

LRBBEIE 8 <1
L = =]
[ S S S o3 [=1
~ = | |
\ %
\ S
1n
o E it
=t @O ~ (=1
== = =)
11.0 10.5 10.0 9.5 9.0 85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1.0
1 (ppm)
= i 28583
% 3 88 ﬁ @B D~ M~ O
— - o~ =M= = = =
N iy N
\ %
1n
110 100 90 40 30 20 10 0 -10

S47



0000-—

Olgt—

(A1)
iyl
G9G°L
G8G°L
609°L
9L
wo'L
798'L
1981
188y
688°L
661

666'L1
9018
0L'g
82l 8
c€ls
BeLe—

Cat .

RS

/

-0.5 -1.0

T

T T T T
15 1.0 05 00

T T T T T
1 (ppm)

T

10

1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

189°'9.
000°2L
81§47
82608
TrL o8

£8rezl
71022l
098221
15821
1£2'621~E
78 ,mﬁw
857251
SiEesl
009°€51
60Z'9€1

99T Ll —

4

-10

0

10

20

30

40

50

60

70

80

M

| 100 90
1 (ppm)
S48

110

120

|.

140 130

170 160 150

180

10

190

220 210 200




0000—

L80C—

wTeE—

y0gL
6lEL
ove’l
69¢°L
9UE LT
mcﬂ.h*
vl
€161 —

4

Me
1p

=le

oot

Fais

0

-1.0

-0.5

11.0 10.5 10.0 95 9.0

0.0

1.0 0.5

1.5

2.0

50 45 40 35 3.0 25

1 (ppm)

75 7.0 65 6.0 55

8.0

8.5

8l0T1—

18991
000722
8LELL

85871
GIT6LL—
s_.om_w
081 5L

gzazel”

8EgorL—

62008l —

4

Me
1p

10

60 50 40 30 20

70

80

90

100
1 (ppm)

190 180 170 160 150 140 130 120 110

220 210 200

-10

S49



BPEE,
5Ee’

£L10
v 189
09z°L
GGE"L
GEE L
vOy'L
B0y L
L L
L2FL
EET 'L
GEP LY
G¥y L
Gt L]
Loy
G07°L
0952
995",
vi5L
651
veS L
At
E06°.

= ~lED

L E00L

il

5 *E0€
| 07

X
1q

-1.0

1.5 10 05 00 -05

30 25 20

50 45 40 35

71 (ppm}

1.0 105 100 %5 S0 85 280 75 70 85 80 55

1B89L)
BBl 4L
BG4l
0096,
b5 6L

LEDBE LY
EBBBL L
LETBEL,
0.5 1E _.
O6REEL

0266k |

e08° Ll

4

1q

MMLM-—‘-—J M v bt g

10

180 180 170 160 150 140 130 120 110 100 S0 80 7O 60 50 40 30 20

220 210 200

=10

1 (ppm})

S50



0000-—

1L
g8l .___W
€0T'L

Me

4

Me

1r

=L0¢

=o€

=ze

=v60

=001

-1.0

-0.5

11.0 105 10.0 9.5 9.0

1.0 05 0.0

1.5

50 45 40 35 30 25 20

1 (ppm)

85 80 75 7.0 65 60 55

€0L01~
89Tl —

S0Lce—

189°0L
000721
8l€'/1

WeLEL—

LpLESl—

YE9BLL—

4

Me

Me

1r

220 210 200

-10

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

190

S51



000°0-

Nmm.o/
0580

69870
g€zl
¥5el
[2iA"
6zl
olel
8eel
2591
12571

0651
6091
291
66T
m—m.NW
95T

6le—

Me

/

1s

=60'¢

=T

=0e

=€0¢

=060

-1.0

-0.5

1.0 0.5 0.0

11.0 10.5 10.0 9.5

20 158

55 50 45 40 35 30 25
1 (ppm)

6.0

6.5

85 80 75 7.0

9.0

919¢€l—

606'LT—
889°5T—

£e0Sr—

189°6.
000°2L
BLELLT

r1€'84
m—m.—m\.

BLYL8L—

4

Me

1s

10

70 60 50 40 30 20

80

90

100
f1 (ppm)

190 180 170 1860 150 140 130 120 110

220 210 200

-10

S52



G060
o160
60
G960
G660
GEL |
0at’h
IRy
PilL
Pl L
WOZ 1
GZE )
0EZ |
BEZ |
L5E )
LBE)
el
LIET)
GZE}
EBE'}
06E |
v
Ery |
TAN
r0L )
0EL |
EEL )
LEL)
PS5k
G047}
698" |
B8}
el
C06 |
bhE' L

:m._'_

026 |
LOE |
LGHE

GORE
09z

4

1t

A

S

Y P

o0t

11.0 105 100 %5 S0 &85 80 F5 7.0 65 6.0

-1.0

0.0 -0.5

1.0 0.5

1.5

30 25 20

55 S50 45 40 35
71 (ppm}

BOG57
BBL 6T
8OV 92/
99167
25167
952 18/
per ey’

55860,
58290
2oLl
BhpLL

SEEDLL

1t

NS TR—— | "

-10

1% 180 170 180 150 140 130 120 10 100 90 &0 7O &0 50 40 30 20 10
1 (ppm}

20 210 200

S53



=2 [=1 Lo =t OO 00 P
oo o oD oD ) o0 0 O
o (o] a0 0D P e oD
i ettt
1u
nl
i
| I e |
[ P Lo
=] a0 D O
oo Lo o I
—r T T T D L a— r':i LD E_D — T T T
1.0 1005 100 %5 SO0 85 80 75 7¥70 65 60 55 S50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
A1 (ppm}
ao
(=] O oD oo O Lo L s ]
Lo} 00— 0 o =]
o o i
[z O P e 0D L e
= M Teed
1u
oy ]' whr. MH“J)MIHWJMIWMM
—— T R S A S N A A
20 210 200 180 180 170 160 150 140 130 120 110 100 S0 a0 TO 50 50 40 30 20 10 o =10

71 (ppm}

S54



ketones

-amino

'H and *C NMR spectra of

0pyZ-
£S67,
162
6067
apze
P1E]
Zeee”

09g' L
(3 s
13 s
65y L
GiYL
GyoL
aysl
5574
295"
995,
L5
LB L
58571
8BS
G¥E L
EGE'L
166,
bEL
Bl

3aa

-0.5

— 1609,

—= FEFIf

—== 56l

1.0

1.0 0.5 0.0

1.5

1.0 105 100 %5 S0 &5 80 ¥5 FO0O &5 &80 55 50 45 40 35 30 25 20

ienag’
256 b
BOG £

0ee"asy

10

T T v T T
50 40 30 20

50

o

il
BapLL”

71 (ppm}

502821,
EO0BBZ -
9ZGEE L
65 OEL

3aa

A

50

N A g L R iy

T
100

0

120

T
140 130

150

160

220 210 200

n-ﬁqm-l-mmm i

=10

a0

180 170

180

71 (ppm}

S55



B9ET)
58E°7

£6EZ

6027
1787
6v8Z1
Nmmwﬁ
08877
1687
£6LE]
86 1€
212

622€

9vze’

BEZ L
$52L1
cmwh#
6921
el
19811
£98°L]
648'¢

-1.0

-0.5

Nl

Me

3ba

— oo

GEZ
— M0l
S—Ti

A

——— 7

i

oo

1.0 0.5 00

1.5

1.0 1005 100 %5 S0 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm}

FaLLE

aze 08’
617 50—
WE S,

0F89L,
85k 1L
1y

FOEBZ b
SEYECL
orZvel”

LTyl

96286 |

Me

3ba

Ll

220 210 200

=10

180 170 180 150 140 130 120 110 100 S0 a0 0 50 50 40 30 20 10

190

71 (ppm}

S56



€222
PLET
1T
BLLT
o6, Z{
86221
GIRT
6262
066"
GHET
Az
G962
1967

ey g

£66 9,
PG 0
quhk
EV0L

lebL
0544
B9V L]
00z 2’

Me

il

Z0g

Me
3ca

RINRY
= =00Z

— 1]

— 07
.H. 0L

-1.0

-0.5

1.0 105 100 95 S0 &5 &80 75 ¥0 &5 60 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

fl (ppm}

9EZEL—

989°Th
ZEESE
PBREG~

628917
VL
pap Ll

9687 4C L
BLLBZL
ELEEEL

Ba0Erl

BE LG0T

Me

Me

3ca

=10

180 180 170 160 150 140 130 120 110 100 SO0 &0 FO 6O 50 40 30 20 10

2Z0 210 Z00

1 (ppm}

S57



BV
0097
Bl97
1697
PLOEY
EROE
e

noge

9589
LB
EGR'D
069
AN
09z'2
CEE'L
QEE"]
0GE"2Y
E5E°L
GGE"L
LGB
HEY
ales
G574
£agl
B65°L
AN

OMe O

3da

-1.0

-0.5

1.0 05 0.0

1.5

—===
€0

- 00

- 7L60]

1.0 105 100 85 90 &85 &80 75 70 &85 60 55 50 45 40 35

3.0 25 20

1 (ppm}

E40 2~
BF Gy
6OF b5,
5B 55 -

08694
BOE'LL T
12921

LG
PEG 071,
192821
20EDE b\
G EE L

c05asL—

96EL0Z

OMe O

3da

i[;- | " |;. e .

.

=10

1% 180 4170 160 150 140 130 120 110 100 SO0 80 FO 60 50 40 30 20 10
1 (ppm}

220 210 200

S58



oA
86171
91071
5607
LEVE
0510
piie/
BhOE—

1689,
5069

0469;
226"
12697
bEED’,
00z L’
9462
82617
826
0p62
Gp6 L]
£56L°

3ea

MeO

lo0g
el
I8

~t0€E

~00¢

“$02

-1.0

-0.5

11.0 105 100 B85 %S0 85 80 75 7¥O0O 65 60 55

0.0

1.0 0.5

1.5

35 30 25 20

50 45 40

71 (ppm}

20298
BOEGH -
GIEDS,
PA5GG

1£8°92
G5his )
eivis

ayeELl

BLEGE L,
GGY0E L

BEQ'ED -

GFE 461

i

wigh:

3ea

MeO

220 210 200

=10

180 170 160 150 440 130 4120 110 100 SO 8O0 VO 60 S0 40 30 20 10
1 (ppm}

190

S59



L TAAY
5L
0002
mmhi
LVE
961 ET
£Lze

L80°8
c60a
L608
60181
S8 k
nzie-
mmw.m.ﬁ
628 ]
9628
I
ELE
GIER

O,N

3fa

L 'I. 1

009
—— {07
(E07

— Y

et 702
— )7

-1.0

50 45 40 35 30 25 20 15 10 05 00 -05

f (ppm}

5.5

1.0 105 100 95 90 &5 &80 75 7.0 &5 6.0

pos 28’
BIGTh-
BLES

E2B9LY

VWil
09 14’

VEEEZL—
191 BT

GIE 1F L~

PBEDS L~ z—

G961

O,N

3fa

10

180 180 4170 1860 150 4140 130 120 110 100 SO0 80 70 60 50 40 30 20

220 210 200

=10

71 (ppm}

S60



LETT
BEY'Z

912
GELT
ZHE
ELET
BrlE’

097 £, \
£59'4 z—
£L9'

9564,

940'8”

3ga

FsC

1.0 105 100 85 9.0

55 50 45 40

1.5 1.0 05 00 -0.5 -1.0

25 20

3.5 3.0

¥5 TO 865 60

85 8.0

7 (ppm}

21218’
PP GH-
20k b5

9pR9L,
59144
28y 1L

G97°EE 1
946921
bOLSE
9ELGE L
YA
BOFRZ1
LBEBZL
S98'EE L
GBLYEL]
PISYEL

SERYEL]
BESEEL

06086

et

FsC

3ga

Lu..h. L.

-10

210 200 1% 180 170 180 150 140 130 120 110 100 S0 a0 7o 50 50 40 30 20 10

220

1 (ppm}

S61



40

F3C

20

3ga

-20

—40

-B3.056

-50

-&0

=100
1 (ppm}

=120

=140

=160

-180

=200

=220

-240

562




BTy
BZEZ
ITEEAl
5897
BODEY,
gzoe ]
Sh0E’

086 9
186D
2660
Lot
¥00'L
f00'.
ELDY
L0
G20°
0e0' L~
LEne
09z &/
[ N
pog',

6982
ial

988’/

bR

668 .

a06

3ha

-1.0

-0.5

0.0

0.5

1.0

1.5

25 20

3.5 3.0

55 50 45 4.0

85 6.0

&5 8.0

1.0 105 10,0 95 9.0

75 T.0

A (ppm}

Je19g’
£5HGh
082 ¥4

19691
GOZ'LLT
98521

L5551
BALGH

QE90E Ly

\ZLOEL,
BZE'EEL

Glral-
96991

BYE 61

3ha

-10

210 200 180 180 170 160 150 140 130 120 110 100 S50 a0 7o 50 50 40 30 20 10

220

71 (ppm}

S63



40

20

3ha

-20

-40

-50

-a0

—-105.242

=100
71 (ppm}

=120

-140

=150

=180

=200

=220

-240

S64




BLTT
0242
BELTY
957"
JB0E",
e’
pELE’

09g'4
Hyd
Lid
i
FEV'L
BEY L
C
684
mmm._L
Nl
Al
906°L
ALy

Cl

3ia

LA

T 00e

-1.0

-0.5

11.0 1005 100 %5 %H0O0 &85 80 75 7.0 65 60

1.0 0.5 0.0

1.5

30 25 20

55 50 45 40 35

A (ppm}

ebog’
LIS Sh
5L0%5,

58594
288°9. 7
00224

rBL BT
G1EGT 1L
EZ0GEL
BLEGE LT

KL L8

Cl

3ia

220 210 200

-10

180 170 180 150 140 130 120 110 100 S0 &0 FO 80 50 40 30 20 10
1 (ppm}

190

S65



A
[AFRA

0507
697
W0V,
GLLVES
NS

097 4
095,
7245t
915t
BaG L+
£6G L
B6G .-

062t /WNlu
96 L
Ve
£18L
Lt o
£z L

3ja

Br

1.0 05

50 45 40 35 30 25 20

A (ppm}

1.0 105 100 %5 90 &5 &80 75 7.0 &5 &80 55

-1.0

-0.5

0.0

1.5

0ga'og’
21550
022 b5,

26892,
B¥l 1L
agh 14’

966821
GLORT)
220zl
165584

GE0°BE |

Br

3ja

i W bl o e

™
iyl

Pl

"

. . . . . . . . . . . . . . . . . .
1% 180 4170 160 150 140 130 120 110 100 SO0 80 VO 50 50 40 30 20

220 210 200

71 (ppm}

S66



LTral
ITyAl

GLLT
BEL T
GROEY,
rOLE]
e

ATAPN
AT
nag's
EHETATS
neg's
Gag'L
nze' s
(A
GEE L
30
L5EL
G5E L
CLEL
LLEL \

LGE'L Z—
H6E L
G55 L
n9s 'L
cas s
G54
nes s
A

Br

3ka

S LA

‘00
vBE )
rBE

il
ok

. __“.am_._.

“B6°0

11.0 105 100 %5 S0 &85 80 75 7.0 65 60

-1.0

0.0 -0.5

1.0 0.5

35 30 25 20 15

55 50 45 40

f1 (ppm}

PSE0F
pgeGH
BO0PS-

25090
BObLL+
9gy'LL’

520844~
82521
EPOBZL
0F9'1E L
199 °EE )
0F9 by )-

GECENT

(0]
3ka

Br

ebssssemadibbe b mtons

10

20

=10

1% 180 170 160 150 140 4130 120 110 100 SO0 &0 VO 50 50 40 30
71 (ppm}

220 210 200

S67



2627
T7kAl
85471
LT

OLE
071
BELE

09221
GE9'L
1oL
Gh9'L
1591
209'41
1994~
2611
162t
20841
pleL
882
pzeL

3la

‘50
107
207

<002
CLE)

-1.0

1. 10 05 00 -05

3.0 25 20

1.0 105 100 85 S0 &85 &80 75 70 &85 860 55 50 45 40 35

i (ppmj}

gesog
PR G
IR

16890
VI
s

CLI0L

SEGEL L
SE09E L,
CEOBEL-

EGZ 86 1

3la

B -

bt

-10

1% 180 170 180 150 140 130 120 10 100 S0 30 7O &0 50 40 30 20 10

20 210 200

7 (ppm}

S68



7,
1691 ]
A gy
el I il
9567, T
5167 ”

e85/

L6F 9 !
BeFa t
059 t
E059 t
G059 t
2059+ — 00
G059 ¢
GAL L L
0L 2 == “HED|
LEVL —_— e
mhr.h._ i} _..
n9g 2’ \ t
2552 Z—
4+ r
I

3ma

X
)

1.0 05 00

1.5

1.0 105 100 %5 B0 &5 80 75 ¥0 &85 860 55 50 45 40 35 30 25 20

-1.0

-0.5

A (ppm}

azi o’
G6E G
E1ZF5

26891,
05121+
19v°L1

PEETHL
CEL L~

Bzes

w
{
|
|
m
v / Jw
Am

10

20

=10

180 180 170 180 150 140 130 120 110 100 S0 a0 T 80 50 40 30
1 (ppm}

20 210 200

S69



0822,

1692
8074
1207
PLOE
e0ed
150°E

5501
po0'L
190
Iy,
092 ¢
99541
a0 L
81517
185 L
bl
P10l
0892 |
£A0}

O

-1.0

-0.5

0.0

1.0 0.5

1.5

| “hogl
T

S0EL

—— T

— =00}

— <860
Ry

11.0 1005 100 %5 B0 85 80 F75 ¥0 &5 60 55 50 45 40 35 30 25 20

A (ppm}

565267
e
20575

BZ6'9.7
abT'LLT
po5°42

PLERE L
EOZE |~
0Leeet”

El

AL

"

(=1
ro—
i
=]
=]
=)
=]
&l
L
(1]
=]
=
=]
[T5]
=
o
=]
[
=]
=]
=]
[=F]
L 2.
1m. o
1 B 7
=0 n
-
[=1
L
™
[=1
IS
o
[=1
b
b
(=1
IS
W
[=1
]
w
[=1
b=
~
8
8
3]
[=1
L2
~
m




-1.0

-10

0
|_H_. =
Cols  ZE
L -
= &
1 Le
J - =
s wn ;
= ! =}
£68 9¢” ¥
. 3 206 6h -
VOEZ I Lip b n
£58T" SE000 \
LB | o -
GRZ- o rmawuﬂ. 1]
EVEEY | o
CEEE] = LB G189y
WELES o Zebiiy -
- fipp 12 @
.4. =
i =]
=5 .
09711 o & =g
2eg L hs o8
GEG ! w® | |26EELh oF
255 . wio| P06 ez o
paG ! e | |po8izly i
CisL o | |1z _
085 . | e | |00LEZET ®
G l @ | 006621
066 | Nmm.gL g
0094 ~ | [8BLbEL
£09'21 T e | [BOLSEL \ 3
0184 \ = hwmw ~ ,_
129 z— —~— g 2
298’4 = 60w 2
! gy o
z8a . L,
b06°L a I o =
156 S - ™ ; -
116] @ -
BLOB 5. 8
zz08 @ -
/208 = . o
S S | |eseeel g
70 L2 o
Br08 - b
Bt L= .
- B

S71



60T

ES0°2 \

0Zeiy

IANAR

A
e84

m_.g.mx,_.

LEDE]
550’

092'L
L0E°L
LB
2281
8ze L
PEE'L
BEE 'L
el
05€°L
BAE'L
00t
0bpL]
BlyL]
gL
gL

—

3pa

o
‘809
102
/40

JE0)
CFOE
ook

1.0 105 100 5 S0 &85 &0 75 70 &5 60 55 S50 45 40 35 30 25 20

-1.0

1.0 05 0.0 -05

1.5

A (ppm}

LEEEL—

L¥LGE
Loy oy

G06P5—

058794y
oL
a8y L4’

GGSHE 1y
BGRGI L~
QLBGE L
EFELEL T
FOLEEL

0L6002

3pa

LU

220 210 200

=10

180 170 180 150 140 130 120 110 100 SO &0 VO 50 50 40 30 20 10

190

f1 (ppm}

S72



9827
i rAl
ez
62T
VS8 Ty
087
a8RZ’

VEL
(TN
09e's
HBEL
GRE'L
LBELY
80v 4
[AANS
mmm.h..ﬁ
0F5 4
G54
ees
B95°L
GRS

3qa

1 ELog

/507

e 0T

-1.0

0.0 -0.5

1.0 0.5

1.5

3.0 25 20

55 50 45 40 35

1.0 105 100 85 90 &5 80 ¥75 7.0 &85 6.0

A (ppm}

0o0ee”
4Bp Gh-
G5E PG

G289

Vil
GapLl’

56192 1
eI
mmm_.mm_.h___ﬂ
Brael
EBY VEL
BOGEE L

CLVEGL

3qa

U TURURRURN 1 SO WO N | ——

220 210 200

-10

180 170 180 150 140 130 120 110 100 S0 &0 7O &0 50 40 30 20 10
1 (ppm}

190

S73



£80° 1
580 by
N
P01 1
994 b
9E2'2
55224
mmmmw
Z62'7)
Wez)
1L
95EE

0EL8
£ELDY
78
1519
5929
£9:9
0824’ \

L

—

.

"BRe

- g7

3ra

— T009

- rgetE

= =160

-1.0

-0.5

1.0 1005 100 %5 %H0 &85 80 75 TFO 65 60

1.5 1.0 05 00

30 25 20

55 50 45 40 35

A (ppm}

9G4 H
BI6T)

bagge—

CBLBE
925 2E—

LI5EY—

BRI ES—

208945

AV
AN

DZ6SEL—

Ea0AF L

GELLEL—

3ra

WW.MWWMLLMLW

=10

1% 180 170 180 150 140 130 120 110 100 S0 &0 7O &0 50 40 30 20 10

20 210 200

71 (ppm}

S74



8980
9880
v06'0
£9Z°1
BZ1
0oe' L
GLEL
BEE'L
605}
8IS b

hwmr%
99511
7851
6517
8LYT
9617
1817
LEVE
5o
e
287¢

B67E|
glEe

nog'sL—

L LE
ll i _.NN

.-.|I|.._ _...a _.w

— "t

S
R

— *002

3sa

-1.0

-0.5

0.0

1.0 0.5

1.5

A1 (ppm}

1.0 105 100 %5 S0 &5 80 75 F0 &5 60 55 50 45 40 35 30 25 20

GOREL"
L6220
BBOGE

01526~
122 Th
SEPED
0bE 75

01894,
CANIR
GhpLs

508902 —

3sa

MWWMWW M‘Mﬁm

-10

1% 180 170 160 150 140 130 120 110 100 S0 &0 7O 60 50 40 30 20 10
71 (ppm}

20 210 200

S75



Kk
8Ll
Lozt
0071
riil
GEZ'|
i
LT
00E 1
965 1
009 by
G091
G291
G291
EED'L
mmm.l-
GED'L
0471
gLl
gli'l
A
L84}
GEZLL
SEL)
BELL
EFLl
0541
vELL
GEL L
el
ek
rial
SECT
GLEE
GEEE
L0e7]
£857
CLg
957
8BS T
GBS 2
noge
£09e
G197
1193
AT
NEg's
ra
arae
PEOE
nacs

30 25 20

3.5

55 50 45 40
1 (ppm})

6.0

1.0 105 100 S5 S0 85 80 75 70O 65

089 GE-
vivai-

GEZBE-
QG2 G-
BED'}S-,
EELESG-

EFE0L,
09b2L+
VR

0ZazLe

Ll S R REEAERT TR RN R TR R

20 210 200

-10

1% 180 170 180 150 140 130 120 M0 100 S0 &0 70O 60 50 40 30 20 10
1 (ppm}

S76



G2}
959}
269}
A"
994}
ELL)
cone
9922
LIGE
A
EBS 21
BES T
L0ag
vLAE
LI
Ly
8592
(FR:
PO
6192
nege
5698

nacs

-1.0

-0.5

0.0

35 30 25 20

65 60 55 50 45 40

TS5 T.0

1.0 1005 100 95 S0

1.0 0.5

1.5

85 80

A (ppm}

Po6LT
EHPE
2i59E~
972 '6g”
Lz
BES O
BIBES”

ZhRL,
65 4L
aivil’

SRl

a

=10

210 200 1% 180 170 180 150 140 130 120 110 100 S50 a0 7o 60 50 40 30 20 10

220

1 (ppm}

S77



09z'4
9EY L
BEY'L
A
L5174
givi
Qv
oey's
gESL
BEG LT
AN
A
BES L
BOG L
B8
815k
6251
L¥EL
0562
GGA'L
BOG'L
G962
LG
Nl

JEt
N

Ph

Et

3ab

, *20

I|J ._..ND.“q

~—— 6
e ]

I
A

-1.0

-0.5

0.0

1.0 0.5

1.5

A (ppm}

11.0 1005 100 %5 %0 85 80 75 F0 &5 60 55 50 45 40 35 30 25 20

WG

naL9e-

BY0°LD
2281y

£18°01
0Eb2Lt
s

291801
ghrezk”
EEZEEL"
GrE9EL”

PEGEEL—

Ll

JEt

3ab

Ph

[l L WMMLL

=10

1% 180 170 180 150 140 130 120 110 100 SO &0 FO 6O 50 40 30 20 10
1 (ppm}

20 210 200

S78



£20°7)
050°C |
£L0E
060°E|
0vz e,
/528
62T
Live

lTAPS
pryL
vy L
05t'L
S0%°L
BaYL
ney'L
vey 'L
BeyL
0¥5 L1
EFG L
HI
9554
9572
1057,
1151
neg's
£BG L
996",
0L6°L
GL6°L
586,
HE6 L
66" L
GGG L

_Me

Ph

OMe

-1.0

-0.5

1.0 0.5 0.0

a0

S0

=
—
T

]l

3ac

¢ <00°E

R

=
[ ]
—

— 207

1.0 105 100 95 S0 &5 80 75 7.0 &5 60 55 50 45 40 35 30 25 20

1.5

1 (ppm}

EFE9E

PEEGF—

Bl8G5—
kEE0G-

£1894
0EbL4
ivvd

651821,
260821
99|66 |
0 AE L

G566 1—

_Me

Ph

OMe

3ac

—T T T T T
a0 TO 50 50 30 20 10

50

150 140 130 120

160

180 180

40

100

170

220 210 200

=10

1 (ppm}
S79

110




A
PEZ £\
VSZE,
BREE,
GRS
VEE
BYL D)
G510
0149
£110
6110
I
G52/
09z'!
192}
21211
¥Rz
BRZ I
AT
BrY .
zat L
BIY L
zar'.
£S5 )
055/
095
0154
615}
AiH
EER .
0E6
VAL
PGE
L1562

.Me

Ph

3ad

||

l I'I_ | 1

110 105 100 95 9%H0 85 80 75 70O 65 60 55 50 45 40

~&0E
=p0e

=0

FEDE

=01
~Z07
ool
007

0.5 0.0 -0.5 -1.0

1.0

1.5

3% 3.0 25 20

7 (ppm}

EELGE~
P8 BET

BEDBY

758947
WVl
gapLL

150 ThL~
05894~
9516 1
IR
GO,
ZLEEEL]
18698}

G598 1

SR0°66 1

.Me

3ad

Ph

WA

=10

1% 180 4170 160 150 140 130 120 110 100 SO0 80 FO 6O 50 40 30 20 10
71 (ppm}

220 210 200

S80



5927
2487
6882
BOAZ
9LV Ef
GRLET
712e]
455
LETL
i
052t
09zL
BAZL
ones
A
gEpL
0stL
gaps
0
piP LS
RGN
BES .-
L5 L
1552
8557,
LagL
L5t
54571
B85
PI6L
BI6'L
ZERL
OreL
1YL
£5AL

_Me

Ph

Bn

3ae

T e

4

05 00 4095 1.0

1.0

1.5

3.0 25 20

55 S50 45 40 35
1 (ppm}

11.0 105 100 %5 S0 85 80 75 70 &5 60

GL69E—
LIETE

BEG 25—
Lap 2O

00892,
VIS
pep 2L

984121
151821
BYERIIY
289604
L606T1)
BLIEEL ]
280 L]
Liaeel

0S5 66 |~

_Me

Ph

Bn

3ae

ool L

=10

1% 180 4170 160 150 140 130 120 110 100 SO0 80 FO 6O 50 40 30 20 10

220 210 200

71 (ppm}

581



Ze6 T
6621
RAGZ-

A
EVLE]
0ate
peoe’

50 £

1171
€271
6271
7L
097 ¢
2it!
622
BOE
rees
rot L
£BE /1
2oy .-
ATy
105 1
G052
A
625!
1251
Zes .
rps
995
6r5 .
£z8';
078’/
pp

ik

/450y
—== i
607
Lol
CE

.Bn
3af

Ph

-1.0

1.0 05 00 -05

1.5

A (ppm}

1.0 1005 100 %5 S0 85 80 75 70 65 60 55 50 45 40 35 30 25 20

pi0LE

0BEGF

Haas—

Z21B0L
AN
app sl

0£0°L2 1
RAR
BLERC
LA
Geaazl |
620EE) |
oveoE )
G091 6E L

50066 L —

_Bn

Ph

Bn

3af

MLLWW*

=10

1% 180 170 160 150 140 130 120 110 100 SO 80 FO 60 50 40 30 20 10

220 210 200

1 (ppm}

582



98L 1)
!

£08' )
248k
026}
6E8 1
£657)
0197+
9297’
1267
AlA
2967
972

apTE

P97

09z 4
0L
A
aryL
G052
AT
G2
9z5'L-
EG
mmm.h._
a¥5L
G¥5L
A
9zg'L
0Eq"L
aygL

3ag

@)

Ph

-1.0

3.0 25 20 15 10 05 00 -05

3.5

1.0 105 100 %5 S0 &5 &80 75 70 &5 60 55 50 45 40

71 (ppm}

ey Ed

ELLOE

B¥F 05
FeL S

BERALY

GhbALt
£apLl’

BBZ'BZ 1,
2186217
018°€E L
G01'9E )

<

o
Sy 6L

Ph

3ag

IR S N

220 210 Z00

-10

180 170 180 150 140 130 120 110 100 S0 80 70 80 50 40 30 20 10

190

1 (ppm}

583



BEF |
1Sh L
Lap|
009"}
029}
PEQ L
BFY 1
£ag)’
6257,
YA
0487
0682
2526
e
6eze’

—t

B6E L
E0F L1
L
Lev 1]
0511
b05 1
10515
8IS L1
£2g -
825 L
BES L]
rﬂoh% -
b3

b6 L]
BlG ]
£26 L] o
9e6 |
re6 L

Ph

3ah

-1.0

1.0 05 0.0 -05

50 45 40 35 30 25 20 15

A (ppm}

5.5

.0 105 100 95 S0 &5 &80 75 7.0 &5 &0

PPOET -
GIEGT

9rLGE

PSS EG
52595

7E89L,
05h2d+
agp 24’

IR:-4%%
AT AN
98 EE |
18908 |1

BBEL—

pd

Ph

3ah

N A -

=10

1% 180 170 160 150 140 130 120 110 100 S50 a0 70 &80 50 40 30 20 10

20 210 200

71 (ppm}

S84



0152,
12521
Nmmﬂf
5287
I CRAl
2087
alLle

hmfmﬂ

512°¢
mamm*
LR
fast.
orpL
LbbL
arpL
L5FL
0arL
EafL
B
BitL
T
ATNR
5h5 L
BrS L
554
pagL
BESL
BLGL
785t
5854
0F6L
EEL
BrEL
L
E86L
paaL
GOAL

Ph

b0
“E0Z
40T

=Ly

oo
o'l
=0

0.5 00 05 -1.0

1.0

1.5

3.0 25 240

55% 50 45 40 35
A (ppm}

n1.0 105 100 95 S0 &85 &80 75 70 &5 60

166GE—
965 €5,
50/ 65

PEGO9—
g9l

ZEVILT
0sp 2L

PLEBE L,
AFRAY

VBZEEL”
OGEE L

GHEBE L

Ph

220 210 200

=10

180 170 180 150 140 130 120 110 100 SO0 80 TFO 60 50 40 30 20 10

190

1 (ppm}

S85



EGED
EL6E
PEGZ
nace
LITE
962°€
H6E'E
aire
LETE
EBSE
Z09e
GO
0rs9
0959
PE99
8599

2199
pL99
699
E69'9
004
RIS
804
6404
Zand
5804
ga0d
0e0'd
LB0L
ookd
E0kY
L0k
09g'4
I
Lot L

At |

PR
PR
iard
G674
Gerd
2954
8954
6954
Fag L
IS
G964
EL6Y
BL64

VEE'L
PE6 L

| | A

<902
S50
"E0E
AL

A e |

3aj

Ph

0s 00 05 -10

1.0

50 45 40 35 30 25 20 15
1 (ppm}

5.5

6.0

1.0 105 100 95 90 &85 80 75 7.0 &5

AN T2
PORGE
BIZ T~
BYEES

TY89L,
B5hLL+
Gl

Loiol
VL
LBGHT
167 1T
LOVETIL
TLLEEVT
EFLOEL]
0SE'EE )
09695}

9EG 151

95066 L~

Ph

3aj

LI

10

20

30

=10

1% 180 170 160 150 140 130 120 110 100 S0 a0 70 60 50 40

20 210 200

71 (ppm}

586



GEG 1
Al
956}
L8671
GO6|
[A Jr
B5L7
vLid
L9ZE
GLEE
ez
L60E
nZee
PEEE
BrEE
BELE
9Li%
E6LE
GBS

2859 —

7099
9099
1299
7299
099
£96°
9969
1869
7869
5504
pL0L
504
L0
092

Sy L

Oy Lo
(35
LI
N
nerd
reYd
L
1854
1L
G54
PES L
i
Gr6L
LT
1864
064

3ak

nm.oc 105 100 95 S0 &85 &80 75 7.0

Ph

I S S

M

- ‘

i)

FEOE

“E0T

§507
07
007

00 05 -10

0.5

1.0

3% 30 25 20 15

60 55 50 45 40
1 (ppm}

6.5

BRI T
05487
BOGPE-

5599~
feLer-

EER 0.
0524+
Boy s’

ELP 0L
BZ0°OLH
861
EE LT h|
ELVBLL,
BRLBILT
LoV L]
9pEEEL |
000 €1
099 ¥}’

098661~

Ph

:

=10

1% 180 170 180 150 140 130 120 110 100 SO0 &80 TFO 60 50 40 30 20 10
71 (ppm}

220 210 200

587



CTAA
ge8d
0gad
EL6T
LEGT
GL0E
PEDE
Z80°E
OLEE
OEEE
BrEE
ZELE
aznyd
AN S

(313
a0k
L
XA
aeld

gk

GELL
rrld
1T
Gerd
egrd
gard
BLrd
oerd
Zerd
Egrd
BeYL
A
985
685
285
[
BOSY
RS
BLGY
ZB%d
265
865
G6SL
H0o'L
g09d
=L
86
BB

cooe
BO0A”

A

S

‘L“_.uJ|“l;1

3al

Ph

| ]|

|

CE0Z
g0z
gy

BE)

hooz

FO6D
‘E0E
b6
20l
107

-1.0

1.0 05 00 -05

1.5

3% 30 25 20

50 45 40

71 (ppm}

5.5

1.0 W05 100 %5 B0 85 80 75 70 65 6.0

GO0BE—
DELBE—

POZ LG
SHES
FOL9s”

14891y
6524}
vty

B0B'EZ )
ELETT L
wghaw_»
1BLEZ S
0LL82),
ngﬁmrﬁ
PLOYEL |
JSEPEL]
BYEOEL

PEl 66k

Ph

3al

RIS | N S 1

220 210 200

-10

180 170 180 150 140 130 120 10 100 S0 &0 7O &0 50 40 30 20 10
i (ppm}

190

588



'H and *C NMR spectra of mechanism studies
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'H and °C NMR Spectra for applications

08
56
G6 |
£08' |
908’}
pIEl
L
9z8'|
SE8'}
6E'|
£58 1
LT
EERTY
T2x4
XA
papT
XA
BLbE]
XA
2657
P97
£197
P07
507
POz
9597’
988'"
L6B
SO
96
2669
6074
S
I
5270
1T L
9E7 ]
pr7 L]
674
2574
0972
B0,
Ay
PZEL
BzEL
WL
9vE'L
gL
£9E'.

oee’d
GREL

OH

0.5

-1.0

05 0.0

1.0

1.5

25 20

3.0

3.5

= =0}l

FBE0]

o0y

n.o 105 100 95 9.0

45 4.0

75 T.0

60 55 5.0

6.5

85 &.0

1 (ppm}

EGLPE

PEGE

E0EBS

L1895
06944
Bz LL
Loatd!

LLBGE I
F9G'92 L
ELEBEL

I

OH

T

210 200 180 180 1¥0 160 150 140 130 120 110 100 B0 a0 7o 50 50 40 30 20
1 (ppm}

220

S93



A
bPOZ
B59°Z
#0997
LL8T:
FA9TY
EZ0EY
BEOE,
wﬂqm%
BYOE]
E90°E
LARE

0974
BYEL
B5€L
B5€ L
pog’s
LiEl
9462
ge L)
58EL
149
2591
9594
0992
£99L
999,
699,
gy

—

= 09
hooz
——— v...wD.N

¢ 00

= "967

I 14

1.0

-0.5

0.0

1.0 0.5

1.5

3.5 3.0 25 20

55 50 45 40
A (ppm}

.0 105 100 95 S0 &5 &0 7.5 70 &5 6.0

{08

(AR

OGS
L A

P0R'0L
0zhii
LEpLL

TATANY
61LBZ)+
azrezl’
ErLeEL

L6651

=10

180 180 170 160 150 140 130 120 110 100 S0 a0 TO 80 50 40 30 20 10

220 210 200

1 (ppm}

S94



B59°EY
EL9E7
a8g'e’

228
1887
e
06¥ L
BYL
954,
105
0154
925,
08521
785,
8094
oL
P19
5294
6294
789,
599,
apgL
594
9.6
616,
786,
1864
0008
5008°

.NO

NO

T —

-,

A

A

90

~f02

-1.0

-0.5

1.0 05 0.0

30 25 20

50 45 40 35

A (ppm}

1.0 1005 100 85 90 &85 80 75 7F0 865 60 55

A6 PE—

99869,
Z089L,
BLbLLY
9814’

2440
296821
POOYEL-
LhLGEL

FO0SE L~

.NO

NO

I | N

-10

1% 180 170 180 150 140 130 120 10 100 90 &0 7O &0 50 40 30 20 10
1 (ppm}

20 210 200

S95



AT
L60E
CIEE
£1ae
AR
EF9E
£89'9
9899
2899
0899
5899
1899
AT
G119
IATR
NELg
EELY
SELY
Gri9
(=T
PELY
L
Bl
06l
G614
8614
rocd
ched
IATAYS
il
arrd
AL

874
cerd
987 4
06¥s
I
nags
£8%47
vLGd
G54
£B% Y
PES L
1654
nogd
Sr6L
ared
£56L
9964

GO6L
EL6 L

A

ZT

= 7607

5 Fa0E

a0

=

—
T

=t

L)

o
T

N
!
=
=
o
T

1.0 105 100 %5 S0 85 80 TS5 70O 65

05 00 05 10

1.0

50 45 40 35 30 25 20 15
f1 (ppm}

55

6.0

B89 LE-
EZ68e”

6B 0LY
98} L4}
p8p Ll

BEZELL—
BOB LIk

EFLBI L
A
99F6E L,
LBFEELT
L848e1

PESLR L

9ZpEalL—

%

ZT

AT

220 210 200

-10

180 170 180 150 140 130 120 110 100 S0 &0 70O &0 50 40 30 20 10
1 (ppm}

190

596



PREE
BYZH
057°F1
9571
652 1
pazY
897}
0iZF
667F
00E'F
S0€°F
0IET
EIET
BICT
et
8889
6059
09z’
989,
1oL
550

099,

9.9

189 L

V4

1v

= ~EGD

Ve
ke

i

= 16}

-1.0

1.0 05 00 -0.5

1.5

71 (ppm}

1.0 105 100 %5 %H0O0 85 80 75 70O 65 60 55 S50 45 40 35 30 25 20

L0199,
$98°09
EL89L,
Vb2l
01524
p1E08 ]
8608

P25 Lb
1681
hzz vz
PO O b~

HOSERL—
FRGER |

4
o
CreG)
Jd o
_/

>
-

-10

1% 180 170 180 150 140 130 120 110 100 S0 &0 70O &0 50 40 30 20 10
1 (ppm}

20 210 200

S97



(FA-A
LLGT
EBSE
SLae
FrLl
BELE
ELET
CEGT
GYEL
PREL
0L6E
LOoE
NZ0e
a0kLe
9ZLE
arLe
EQLE

191E
BLLE]
seLe
G50t
BIEE

Yty
"z
622
EET

BET

£FT ¥

19z

997 ¥
VT
SiTY
082 ¥
£8Z %
£i89"
5i8°9"
2689
7689
0ibi
8l
2644
26T
1L
€571
097
0iz i
Si7i
067
28y i
18Y L
9054

—

—

—_ 00l

S ﬂag_.

>

= Mgy

N/‘
L

C

3vm

00T

-

1.0 105 100 55 80 &5 80 75 TO 65

05 00 05 10

1.0

1.5

3.0 25 20

3.5

550 50 45 40
1 (ppm}

5.0

1Bz EE~
095 1€~
99y .
B6Z'15
25095
B2 9,
28179
55499

B 9L
A
g1l

EEE" Ly
.__hm.h_.—..__,
00EZ2 1y
EZEOZ 4
LIEITL
[aEE AN
£8L0el
SPPET L
AR
aolarl”

[fANL1 5

g ]

™
"

g L O Y O AL B

3vm

"

-10

1% 180 170 180 150 140 130 120 110 100 S0 a0 7O &0 50 40 30 20 10
1 (ppm}

20 210 200

598



1660y
910}
pEO')
851
I
£62°)]
bl
828’} |
ape'L

B6E'E—
0F6 €,
1566
EL6E

1889
5689
6660
2169
116
P269)
09z 2/
9508,
£908
8O0’
0808,
5808
E60'8°

V4

1w

~ F0LE

=080

| -507

= 00

L TOE

-1.0

-0.5

1.0 105 1000 95 %0 &85 &0 75 70 &5 60 55 S50 45 40 35 30 25 20

1.0 0.5 0.0

1.5

f1 (ppm}

PEGDL—

6oy 2l

GO
BOG 0L
922 11
Gh5 4L
29z 08|
L6108’

EGFPLL—

GLE B L~

AZZ el

V4

225 1a 1

Br09LL—

1w

o A g A 0 o,y W wa

10

20

220 210 200

-10

180 170 1860 150 140 130 120 110 100 S0 a0 7O &0 50 40 30
71 (ppm}

190

S99



O
CBEN
noo't
eE'}
SEEL
EL5L
125}
5L
G851
LELH
PEL M
Ll

GBLL

GBET
802,
0747
ars
hoe]
VBOE]
BOLE
EBAET
GORE]
57RE

5869
Zr8 9

1989
6569
$98°9
189,
097 1
9564,
£98L
6081
884
989 .
£6872’

(0]
jonae
(0]
3wh

“00E

L FODE

L 007

pi.0 105 100 95 S0 85 80 75 TO 65 60

-1.0

1.0 05 0.0 -0.5

50 45 40 35 30 25 20 15

5.5

71 (ppm}

FESTL—

1622,
BT

v

986527
FOGGE—

S8LEn,

BEIPS

02469,
G150L,
BEZ'LL
bagiL

06 ¥k

CERGE L,

il

gre0el’

>
0ZVEd L~ num
o)

LG L6

3wh

|
A

ol

220 210 200

-10

180 170 160 150 140 130 120 110 100 S0 &0 70 &0 50 40 30 20 10
1 (ppm}

190

S100



