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1. General Information

"H NMR spectra were recorded on Bruker 500 MHz spectrometer and the chemical
shifts were reported in parts per million (J) relative to internal standard TMS (0 ppm)
for CDCIs. The peak patterns are indicated as follows: s, singlet; d, doublet; dd, doublet
of doublet; t, triplet; m, multiplet; q, quartet. The coupling constants, .J, are reported in
Hertz (Hz). >*C NMR spectra were obtained at Bruker 125 MHz and referenced to the
internal solvent signals (central peak is 77.0 ppm in CDCl3). The NMR yield was
determined by 'H NMR using CH,Br; as an internal standard. APEX II (Bruker Inc.)
was used for ESI-HRMS. IR spectra were recorded by a Nicolet SMX-S infrared
spectrometer. Flash column chromatography was performed over silica gel 200-300.
All reagents were weighed and handled in air at room temperature. All chemical
reagents were purchased from Alfa, Acros, Aldrich, and TCI, J&K and used without

further purification.

2. General procedure and characterization data for product 3

To a mixture of tertiary aliphatic amine 1 (1.0 mmol), 1-iodoalkynes 2 (0.20 mmol)
and FeCl (2.6 mg, 10 mol%), MeCN (1.0 mL) was added under nitrogen at room
temperature. tert-Butyl hydroperoxide (TBHP-decan) (1.0 mmol) was dropped into the
mixture under nitrogen at room temperature. The resulting mixture was stirred at 120
°C for 12 h. After the mixture was cooled to room temperature, the solvent was removed
under reduced pressure. The crude product was purified by flash column chromatography

on silica gel (ethyl acetate/petroleum ether) to give the product 3 as yellow oil.

N,N-diethyl-4-phenylbut-3-yn-2-amine (3a)!'l. (35 mg, 86%). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3); IR (neat): vmax
2972, 2931, 2871, 2817, 1489, 1443, 1381, 1302, 1184, 1095, 1069, 1049, 765, 691
cm’; 'TH NMR (500 MHz, CDCl3) § 7.38-7.27 (m, 2H), 7.24-7.14 (m, 3H), 3.81 (q, J
=7.0 Hz, 1H), 2.72-2.58 (m, 2H), 2.49-2.36 (m, 2H), 1.33 (d, /= 7.0 Hz, 3H), 1.03 (t,
J=7.0 Hz, 6H); *C NMR (125 MHz, CDCl3) 6 131.5, 128.1, 127.6, 123.4, 89.4, 84.0,
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48.2, 44.6, 20.1, 13.6; HRMS (ESI) calcd for CisHi9N [M +H+], 202.1590; found:
202.1598.
Me

Me

N,N-diethyl-4-(p-tolyl)but-3-yn-2-amine (3b). (35 mg, 81%). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3); IR (neat): vmax
2989, 2956, 1656, 1509, 1467, 1302, 1255, 1186, 1095, 815, 732, 525 cm™'; 'TH NMR
(500 MHz, CDCI3) ¢ 7.30 (d, J= 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 3.89 (q, /= 7.0
Hz, 1H), 2.78-2.67 (m, 2H), 2.56-2.46 (m, 2H), 2.33 (s, 3H), 1.41 (d, /= 7.0 Hz, 3H),
1.11 (t, J = 7.0 Hz, 6H); '*C NMR (125 MHz, CDCl;) § 137.7, 131.5, 128.9, 120.4,
88.7, 84.1, 48.3, 44.6, 21.4, 20.1, 13.6; HRMS (ESI) calcd for CisH, N [M +H],
216.1747; found: 216.1754.

Et

IIEt
N_F

Et

Me

N, N-diethyl-4-(4-ethylphenyl)but-3-yn-2-amine (3c¢). (35 mg, 76%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2966, 1661, 1509, 1456, 1379, 1302, 1185, 1095, 832, 731, 539 cm™!; '"H NMR
(500 MHz, CDCl3) 67.33 (d, J= 8.0 Hz, 2H), 7.12 (d, /= 8.0 Hz, 2H), 3.89 (q, /=7.0
Hz, 1H), 2.79-2.67 (m, 2H), 2.63 (q, J = 7.5 Hz, 2H), 2.57-2.45 (m, 2H), 1.41 (d, J =
7.0 Hz, 3H), 1.21 (t, J = 7.5 Hz, 3H), 1.11 (t, J = 7.0 Hz, 6H); '3C NMR (125 MHz,
CDCls) o 144.1, 131.6, 127.7, 120.6, 88.7, 84.1, 48.3, 44.6, 28.7, 20.2, 15.4, 13.6;
HRMS (ESI) calcd for C16H23N [M +H'], 230.1903; found: 230.1911.

OMe

Me
N, N-diethyl-4-(4-methoxyphenyl)but-3-yn-2-amine (3d). (36 mg, 78%). Isolated

by flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr = 0.3); IR
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(neat): vmax 2969, 2930, 2836, 1607, 1509, 1465, 1379, 1289, 1246, 1172, 1095, 1034,
831, 792 cm’'; "H NMR (500 MHz, CDCls) §7.34 (d, J= 8.5 Hz, 2H), 6.81 (d, J = 8.5
Hz, 2H), 3.88 (q, J = 7.0 Hz, 1H), 3.79 (s, 3H), 2.77-2.67 (m, 2H), 2.56-2.45 (m, 2H),
1.40 (d,J="7.0 Hz, 3H), 1.10 (t, /= 7.0 Hz, 6H); '3C NMR (125 MHz, CDCl3) 6 159.2,
133.0, 115.6, 113.8, 87.9, 83.7, 55.2, 48.3, 44.6, 20.2, 13.6; HRMS (ESI) caled for
Ci1sH21NO [M +H'], 232.1696; found: 232.1702.

OEt

Me

4-(4-ethoxyphenyl)-V,N-diethylbut-3-yn-2-amine (3e). (36 mg, 73%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2975, 2929, 1606, 1508, 1476, 1380, 1286, 1245, 1172, 1115, 1094, 1048, 922,
834, 534 cm™'; 'TH NMR (500 MHz, CDCls) 6 7.32 (d, J = 8.5 Hz, 2H), 6.80 (d, J= 8.5
Hz, 2H), 4.01 (q, J = 7.0 Hz, 2H), 3.88 (q, J = 7.0 Hz, 1H), 2.79-2.64 (m, 2H), 2.56—
2.42 (m, 2H), 1.40 (t, J = 7.0 Hz, 6H), 1.10 (t, J= 7.0 Hz, 6H); '*C NMR (125 MHz,
CDCl3) 0 158.5, 133.0, 115.5, 114.3, 87.8, 83.8, 63.4, 48.3, 44.6, 20.2, 14.7, 13.7;
HRMS (ESI) caled for CisH23NO [M +H'], 246.1852; found: 246.1861.

F

IIEt
N_F

Et

Me

N,N-diethyl-4-(4-fluorophenyl)but-3-yn-2-amine (3f). (33 mg, 76%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2925, 1601, 1507, 1468, 1379, 1303, 1231, 1155, 1093, 835, 527 cm’!; 'H NMR
(500 MHz, CDCl3) 6 7.42—7.33 (m, 2H), 7.01-6.93 (m, 2H), 3.88 (q, J = 7.0 Hz, 1H),
2.79-2.65 (m, 2H), 2.55-2.43 (m, 2H), 1.40 (d, J = 7.0 Hz, 3H), 1.10 (t, J = 7.0 Hz,
6H); 3C NMR (125 MHz, CDCls) §162.2 (d, J = 246.2 Hz), 133.4 (d, J = 8.8 Hz),
119.6, 115.4 (d, J=21.2 Hz), 89.2, 82.9, 48.2, 44.6, 20.0, 13.7; HRMS (ESI) calcd for

CisHisFN [M +H"], 220.1496; found: 220.1505.



Cl

4-(4-chlorophenyl)-/V, N-diethylbut-3-yn-2-amine (3g). (41 mg, 87%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2971, 2928, 1488, 1467, 1380, 1301, 1251, 1185, 1091, 1014, 827, 751, 521 cm™!;
'H NMR (500 MHz, CDCls) 6 7.32 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 3.88
(g9, J = 7.0 Hz, 1H), 2.77-2.65 (m, 2H), 2.53-2.44 (m, 2H), 1.40 (d, J = 7.0 Hz, 3H),
1.10 (t, J = 7.0 Hz, 6H); '*C NMR (125 MHz, CDCls) § 133.7, 132.8, 128.5, 122.0,
90.6, 82.9, 48.3,44.6, 19.9, 13.6; HRMS (ESI) calcd for C14HsCIN [M +H'], 236.1201;
found: 236.1208.

Br

Me

4-(4-bromophenyl)-N, N-diethylbut-3-yn-2-amine (3h). (37 mg, 66%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2971, 2929, 1486, 1379, 1301, 1251, 1185, 1095, 1069, 822, 744, 521 cm’'; 'H
NMR (500 MHz, CDCl3) 6 7.41 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 3.88 (q,
J=7.0 Hz, 1H), 2.77-2.63 (m, 2H), 2.54-2.42 (m, 2H), 1.40 (d, /= 7.0 Hz, 3H), 1.10
(t, J = 7.0 Hz, 6H); 1*C NMR (125 MHz, CDCls) 6 133.1, 131.4, 122.4, 121.9, 90.9,
83.0, 48.3, 44.7, 20.0, 13.7, HRMS (ESI) caled for Ci4HisBrN [M +H'], 280.0695;
found: 280.0707.

CF3

4-(4-ethoxyphenyl)-N, N-diethylbut-3-yn-2-amine (3i). (36 mg, 66%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr=0.3); IR (neat):
vmax 2921, 2851, 1632, 1469, 1323, 1168, 1131, 1066, 841 cm™'; 'H NMR (500 MHz,



CDCl3) 6 7.54 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 3.91 (q, J/ = 7.0 Hz, 1H),
2.79-2.67 (m, 2H), 2.56-2.44 (m, 2H), 1.42 (d, J = 7.0 Hz, 3H), 1.11 (t, J = 7.0 Hz,
6H); *C NMR (125 MHz, CDCls) 6 131.9, 129.5(q, J = 32.5 Hz), 127.7, 125.1(q, J =
3.8 Hz), 124.0 (q, J = 270.3 Hz), 92.4, 82.9, 48.3, 44.7, 19.9, 13.7; HRMS (ESI) calcd
for CisHisFsN [M +H'], 270.1464; found: 270.1477.
B
Et/N ~ OMe
Me

N, N-diethyl-4-(2-methoxyphenyl)but-3-yn-2-amine (3j). (36 mg, 78%). Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 1:5, Rr = 0.3); IR
(neat): vmax 2968, 2928, 2850, 1633, 1596, 1492, 1463, 1433, 1379, 1293, 1260, 1182,
1095, 1026, 751, 621 cm™'; '"H NMR (500 MHz, CDCls) 6 7.41-7.33 (m, 1H), 7.29—
7.20 (m, 1H), 6.92-6.81 (m, 2H), 3.95 (q, J = 7.0 Hz, 1H), 3.85 (s, 3H), 2.79-2.67 (m,
2H), 2.60-2.48 (m, 2H), 1.43 (d, J = 7.0 Hz, 3H), 1.11 (t, J = 7.0 Hz, 6H); *C NMR
(125 MHz, CDCl3) ¢ 159.9, 133.5, 129.1, 120.3, 112.7, 110.7, 93.8, 80.1, 55.7, 48.6,

44.6,20.2, 13.7; HRMS (ESI) calcd for C1sH2NO [M +H*], 232.1696; found: 232.1705.

IIEt =~

S

N, N-diethyl-4-(thiophen-3-yl)but-3-yn-2-amine (3k). (30 mg, 72%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:2, Rr=0.3); IR (neat):
vmax 2969, 2927, 1660, 1519, 1468, 1379, 1261, 1186, 1095, 959, 779, 626 cm’'; 'H
NMR (500 MHz, CDCl3) 07.42-7.30 (m, 1H), 7.30-7.17 (m, 1H), 7.13-7.02 (m, 1H),
3.88 (q, J = 7.0 Hz, 1H), 2.78-2.66 (m, 2H), 2.56-2.42 (m, 2H), 1.40 (d, J = 7.0 Hz,
3H), 1.10 (t,J=7.0 Hz, 6H); 3*C NMR (125 MHz, CDCl3) 6 130.0, 127.9, 125.0, 122.4,
89.0,78.9,48.3,44.6,20.0, 13.7.; HRMS (ESI) calcd for C12Hi7NS [M +H'], 208.1154;
found: 208.1161.



N,N-diethyl-6-phenylhex-3-yn-2-amine (31). (36 mg, 78%). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3); IR (neat): vmax
2966, 2922, 2850, 1632, 1455, 1383, 1186, 1086, 747, 697 cm™'; 'H NMR (500 MHz,
CDCl3) 0 7.33-7.24 (m, 2H), 7.26-7.15 (m, 3H), 3.63 (q, /= 7.0Hz, 1H), 2.84-2.76 (m,
2H), 2.64-2.54 (m, 2H), 2.52-2.46 (m, 2H), 2.38-2.26 (m, 2H), 1.27 (d, J = 7.0 Hz,
3H), 1.03 (t,J=7.0 Hz, 6H); >*C NMR (125 MHz, CDCls) 6 140.8, 128.5, 128.2, 126.1,
83.0,80.4,47.7,44.4,35.5,20.8, 20.2, 13.6; HRMS (ESI) calcd for CisH23N [M +H'],
230.1903; found: 230.1911.

Et PN
N FTT
Et
Me

5-(benzyloxy)-N, N-diethylpent-3-yn-2-amine (3m). (32 mg, 65%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:1, Rr=0.3); IR (neat):
vmax 2969, 2925, 2851, 1632, 1455, 1381, 1302, 1261, 1202, 1073, 1027, 736, 698cm’
I TH NMR (500 MHz, CDCl3) 6 7.40-7.27 (m, 5H), 4.60 (s, 2H), 4.20 (s, 2H), 3.75 (q,
J=17.0 Hz, 1H), 2.75-2.62 (m, 2H), 2.48-2.36 (m, 2H), 1.34 (d, /= 7.0 Hz, 3H), 1.08
(t, J = 7.0 Hz, 6H); *C NMR (125 MHz, CDCls) 6 137.6, 128.4, 128.1, 127.8, 86.4,
79.4, 71.3, 57.5, 47.8, 44.6, 20.1, 13.7; HRMS (ESI) calcd for CisH2sNO [M +H'],
246.1852; found: 246.1859.

Pr Ph

. /N\/
Pr

Me
N,N-diisopropyl-4-phenylbut-3-yn-2-amine (3n) [!l. (36 mg, 79%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3); "TH NMR
(500 MHz, CDCl3) 6 7.33-7.27 (m, 2H), 7.24-7.16 (m, 3H), 3.82 (q, /= 7.0 Hz, 1H),
3.24-3.13 (m, 2H), 1.29 (d, J= 7.0 Hz, 3H), 1.11 (d, J = 6.5 Hz, 6H), 0.98 (d, J = 6.5

Hz, 6H); >*C NMR (125 MHz, CDCl;) § 131.3, 128.2, 127.4, 124.1, 94.5, 81.9, 46.0,
7



41.6,24.1, 23.7, 20.5;

1-phenyl-N,N-dipropylpent-1-yn-3-amine (30)!'!. (32 mg, 66%). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3); "H NMR (500
MHz, CDCl3) 6 7.45-7.37 (m, 2H), 7.32-7.21 (m, 3H), 3.52 (t, J = 7.5 Hz, 1H), 2.60—
2.47 (m, 2H), 2.48-2.36 (m, 2H), 1.78-1.63 (m, 2H), 1.59-1.37 (m, 4H), 1.04 (t, J =
7.0 Hz, 3H), 0.90 (t, J = 7.0 Hz, 6H); 3C NMR (125 MHz, CDCls) § 131.7, 128.2,
127.6, 123.7, 89.2, 84.4, 56.0, 53.6,27.4,21.7, 12.0, 11.4;

Me Ph

W
J

N-methyl-N-(3-phenylprop-2-yn-1-yl)cyclohexanamine (3p)'l. (30 mg, 66%).
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.3);
'H NMR (500 MHz, CDCls) 6 7.47-7.38 (m, 2H), 7.34-7.26 (m, 3H), 3.63 (s, 2H),
2.49-2.36 (m, 4H), 2.01-1.92 (m, 2H), 1.83—1.74 (m, 2H), 1.66—-1.56 (m, 1H), 1.34—
1.11 (m, 5H); 3C NMR (125 MHz, CDCls) 6 131.6, 128.2, 127.9, 123.4, 85.6, 84.8,
61.0,43.7, 38.5, 29.8, 26.1, 25.5;

N-benzyl-N-methyl-3-phenylprop-2-yn-1-amine (3q)?\. (25 mg, 53%). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:5, R¢=0.6); '"H NMR
(500 MHz, CDCl3) 6 7.54-7.24 (m, 10H), 3.65 (s, 2H), 3.53 (s, 2H), 2.42 (s, 3H); °C
NMR (125 MHz, CDCl3) 0 138.4, 131.7,129.2, 128.4, 128.3, 128.0, 127.2, 123.3, 85.7,
84.4,60.2,45.7,42.0;

O%Ph

N
_

Me

1-ethyl-2-(phenylethynyl)pyrrolidine (3r). (26 mg, 66%). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:5, Rr = 0.3); IR (neat): vmax 2922,
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2850, 1631, 1468, 755, 532 cm™'; '"H NMR (500 MHz, CDCl3) & 7.47-7.38 (m, 2H),
7.33-7.21 (m, 3H), 3.64-3.53 (m, 1H), 3.03-2.92 (m, 1H), 2.93-2.84 (m, 1H), 2.57—
2.38 (m, 2H), 2.25-2.14 (m, 1H), 2.11-1.89 (m, 2H), 1.89-1.77 (m, 1H), 1.18 (t, J =
7.0 Hz, 3H); '*C NMR (125 MHz, CDCL3) 6 131.7, 128.2, 127.9, 123.3, 88.6, 84.4, 54.9,
51.5,47.4,31.8,22.0, 13.7; HRMS (ESI) calcd for C14H7N [M +H'], 200.1434; found:
200.1443.

3. References
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4. Copies of 'H, 1*C NMR spectra for new compounds



10000
~9000

8000

~7000

—6000

5000

—4000

3000

2000

—1000

I~ 10 e
©©© S ©
B Bes dNaaaaNa

81
81
61
61
02
12
1
1€
4y
4y
€€

O e e S S S o

Ph

"
Et/N &=
Me

PROTON 01
M-3ap

G (t)
1.03

F (d)
1.33

C (m)
4

B (m)
2.65

E (m)

FH

s

——mm

F-969

e

Foez |

Fozz

00T

10

12

13

14

15




CARDONO1 b 2 8 88 3 5 s 8 -110
M=3ap S88Q S o =S o < S o
— o — [oe) [ee) b~ b= = X <t N —
[\ | N || |
Et Ph
T 100
N 4
Et/ \/
Me
~90
~80
=70
~60
=50
~40
~30
[
| ~20
||
| [
~10
|
| | | Il
L . ,
—10
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 T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



—1900

1800

1700
1600
1500
1400
1300
—1200
1100
—1000
~900
800
~700
600
500
400
300
200
—100

——100

60"
I
1%
ov "
e

€e”
0L"
1L°
€L’

i
Gl
LL

L8
88"
06"
16"

80
1T
€€
123

PROTON_01
M-103-1p

IN
'L
e

H

G|(t)
1] 11

E ()
2. 40

i

Me

Et
Et”
Me

=or 9

F=8e¢ |

F2ce

Fozzp

Fue

o001

F=i0¢
=061

10

11

12

13

14

15




—40

35

~30

=25

—20

~15

—10

¥9-

€l
8¢

29"
L2

GL-
00"
S
G0~

L9°

‘08~

e

6€ 021 —

06 "8¢1—
8V '1el—

€LLET—

CARBON_01
M-103-1p

Me

50 30 10 -10

70

80

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
f1 (ppm)

T
230




PROTON_O1 =L RE 5825 TR-SUBUSTWS/S|NCS
M_103_5p < P I N D IS T B SR ST S U _1500
NE% N> L~s§s;;4 ;;éfL—'k4§§ﬁ f;;L»
1400
Et
1300
B
N_F
Et -1200
Me L
[ } L1100
-1000
-900
B (d) E (@) H (t) ~800
7.12 2.63 1.21
A (d) C (q) D (m) G (d) 00
7.33 3.89 2.73 1.41
HH H — H_HH
F (m) I (t) L 600
2.51 111
=500
' =400
-300
|
-200
| —100
| m_,\
i UL o
T ik i VY
g2 s 8Sw 522 100
— N — [aNaN o\ | [apNapiNe)
T T T T T T T T T T T T T T T T T T I
4 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2

f1 (ppm)



—60

55

~50
45

—40

35

—30

25

—20

15

—10

€9
ov

GI°

i7a

[a*h
Lg”

GL*
00"
Gz "
80"

L9°

e —
G1—

¥9 01—

1L°LeT—
LG TEl—

80 VW1 —

CARBON_01
M-103-5p

Et

"
N_F
Et
Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



~9000

8500

—8000

~7500

—7000

6500

6000

—5500

5000

4500

4000

3500

3000

2500

2000

1500

—1000

500

PROTON_O1 88 ¥ SERSZRRE2|aNSS
M-103-6p N SS N R R R R o o o o e i e g g
VoV ~—"N
OMe
B
N #
Et”
Me

F (m) i (t)
2.51 1. 10

A (d) E (m) G (d)

7.3 2.72 1.40

H HH H H

|

|

T T T T

2 3 88 8 B

— = S ST

T T T T T T T T T T
4 13 12 11 10 6 1

f1 (ppm)



CARBON_01

13

12

—11

—10

M-103-6p o I~ & o Q5 e N N e - ©
= 2 e S 523 s <
\ | I N Il .
OMe
IIEt
N_F
Et
Me
I
I
I
I I |
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 T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



4500

4000

3500

3000

2500

2000

1500

—1000
500

60 T
0T Av
[48!

6€ T
ov 1
ov 1
[A 7"

9 -
8"
67"
0G "
[4*h
€G°
69"
0L"
L’
€L’
7
9L"

s e

98¢
L8°¢
88°¢
06€—
66 €—=

10 ¥
0v
€0V

6L 9~
18°9~"

Moy
ekael
0~ =

PROTON_01
M-103-7p

OEt

/]

Js

H (t)
1. 10

G (t)
1. 40

i

F (m)
5

—

——

M

Fiee

Foss

(R4

T

Foo1

Fee1

Fes1 [

Fert

S0 |

2.5

1.0 0.5

1.5

2.0

4.5 4.0 3.5 3.0
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5



13

12

11

~10

99°
PI=—

€L

81

€1~

‘06—

a9 Vr—
Lg 8V —

€V '€9—

Gl .@m./.

00°LL

14 .E.\.
08 '€8—
6L°L8—

0€ VIT~
Sy ST1—"

§6 '¢el—

VS "84T —

OEt

A\

IIEt
_N
Et
Me

CARBON_01
M-103-7p

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



[} j=) o o o j) j=) o o o o
j=} j=) o o (=} j=) =3 o (e} o j=) o
Lo =3 Lo (=) Lo j=) Lo o Lo (=) j=3 Lo
Lo Lo < < o o N (& — — Lo (=) |
| | | | | | | | | | | | |
. Do
60 T~ 2=
T 000 . 86°S
a1’ o~ "
=2 I
6E T~ N ~ _ .
w1 P Fere
A ~ o 7
67 ¢ — E B _ HI .
05 72— IS = vLe
1672 2o
0L'C—f ~ . == 7217 L
7L ,j ~ o HI
€L
98¢ =y L
L8 .mHV ~ ® = .
6867 —~ o o = Foo0
06°€
69 2
. EX
mm.wu« _— ——=== Fu
66 @H\. m ©
002
9e "L T = i L
187 _ = = Fq
Ci) <t
)

PROTON_01
M-103-2p

A\

ITZt
N
Me

Et”

2.5

7.0

0.0

0.5

1.5 1.0

2.0

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.5

8.0

8.5

.0

f1 (ppm)



—70
—65
—60
55
—50

45

—40

35

~30

25

—20

15

—10

G9el—

€0°0¢—

Y9 v—
e 8y —

62 'G11
i .m:v

96 611—

8¢ "€E1
i .mmHv

N\

LT T9T—
VL €91—

ITZt
N
Et”
Me

CARBON_01
M-103-2p

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



S S S S S S S S o

Lo S Lo S Lo (e} Lo o S

<t <H @ g} [aN} [aN] — — o o

| | | | | | | | | |

. SO
60 T~ ==
01 1= I T Fs6s
Z11 |
= o
66 T~ - - T T-g1 ¢
oV 1 o —
Sh g
e
8t ¢ —
6V G E=
M .m.\. f o o I NM_ HIS ¢
= N
89 T~ E - o
0Lz F [ o o Il e HIE Z
172
7Lz
vLT
617G
98¢ =y -
L8 .mV ~ * - :
68°¢-7 — oL == Foor
06°¢
1271 ~ 5
12 I\ SRS PN _
o ‘L f— === P— G
181 - = Bl
€8l
[
=
-
-z

= v
O,Qﬁw. L
=z |
(e Nap]
= O
O —
(2=
o=

0.5

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
f1 (ppm)

8.0

8.5



CARBON_01

25

—20

15

—10

xS 5 T zgse Sz 5 3
M-103-3p 288 S gEEE < 3 g o
I/ 1 | I N || |
Cl
i
N 4
Et”
Me
|
|
I
| |
| | ' '
| | | | A

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 T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)



o o o o o (=] (=) (e) [e) [e) o o
o o o o o (=) o (=) o o (e} (e) o o o o
o (e 0] O A N j=) co © < N o o o (=} o N
[ap] N N [aN] (o] N — — — — — e © <+ N (=) |
| | | | L | | | | | | | | | | | | |
60T =2
gLl < — |
-l
68 T~ — -~ - :
oy 1" i J Fere
g
1vg
872
6V 2 EQ
157§ — N T _— Feoz
4 =il
89 7~ S~ R .
0L7C [ o o I —— Wﬁ ¢
1L
eLg
K
6L7g
o8¢ S .
L8 .mHV — ® N .
596 S~ oo T === [0
06 '€
fod
i)

PROTON_01
M-103-4p

Fooz t

Fs1

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

7.5

8.0



Lo o Lo [} Lo [} Lo o Lo (e
Lo Lo <t < [ag) [ag) (o] (SN — — Lo o
| | | | | | | | | L | | L |
G €l— —

66 61— —
S Vy— -

6¢ 8V — I
Gl .@m./.

9¢°LL

66 '8 —
L8 06— —
68161~ =
¥ o1~

6€ TET— -

80 €ET— -

—
m
[}
=
-z
e
L

—
[ lgen

| <
zZ |
o™
M o
oy o—
<
o =

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



(e) o (=) o o (=) [e) o
(e) o (=) o o o o o (=) (e} o o [e) o (=) [e) o
© Lo s [ap] N — o o j=) o (=} (=) o o o o —
— — — — — — — (o)) co ol © Lo <t [ag) N — (=) |
| | | | | | | | | | | | | | | | | |
011 =
:.ﬁW _ I - Fco9
€11 © e L
17T~ - ~ Y e
atd — €€
v
8y g
0S°g
i zs
iy ./_ EZ. \Wm T leﬁm
0L 2~ ~ 7 b
1,77 B— ~ai L Fuz
€LC
VLT
el
1L
68°¢ — L
aAmHV - _ )
%6 e — oo [ ——=  F00'1
€6°¢
67 L S2ls <=
0S L N s h 681
€571 — o R + mmmw.ﬁ
)
(2]
LL
O
()
=
—
— Ay E|N
S 9 \
M
g & L
= o
O —
o=
o=

2.5

1.0 0.5 0.0

1.5

2.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

6.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.0



450

400

350

300

250

200

150

—100

—50

—=50

G9el—

06 61—

89 Vy—

1€ 8y —

€V 26—

90 "S21
60 "G2T
[4ct4t
61 "§2l

V€ LTI~
9L °L21~T.
81 821
0% 621
99 621
€9 °T€T
98 T€T

CARBON_01
M-103-13P

CF3

I

|

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



3400

3200

3000

2800

2600

2400

2200

—2000

1800

1600

1400

1200

—1000

800

600

—400

200

——200

PROTON 01 00 O~ (©WWHMND D= b= © F =10+ 00 I~ © <H D QN b= © L0 D & — Y m—~o
— AR mmN NN AN D0 000D w0 SSHB D S SN A e AT AT R TR =) _— =
T N N =/ \e=—=" N
-
N_Z
Et OMe
Me
B (m) E (s) G (m I (t)
7.24 3.85 2.55 1. 11
A (m) C (m) D (a) F (m) H (d)
7.37 6. 87 3.95 2.73 1.43
= = HH — oM
|
|
| |
I
| T
0 II| I i
M (i | - J
T T T L T 7
32 3 8 s 2 3 )
S —~ — — o~ o~ ™ 3
T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)



oV

45

—40

35

~30

25

—20

15

—10

L9°

61"

¥9°
8y —

1]

i

GL

9L"

GG —

9.
00"
St
60 "

§9 0TT—
¢L eIl —

62 0¢1—

L0 65T —
€6 eel—

16 '661—

CARBON_01
M-103-8p

OMe

50 30 10 -10

70

80

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
f1 (ppm)

T
230




[e) o [e) o o (e} o (=) (e} o o
o o (=) o (=) o o o o o (=) [e) o [e) o o o o (=) o
[ep} o o~ © Lo <t (ap] N — o (=) o o (e} (] o o o o —
— — — — — — — — — — > (e e) o~ © Lo < a2 [aN} — (e} |
| | | | | | | | | | 1 | | | | | | | | | |
[ﬂ
. Do
601 Z = @
o1 AHW — - 1o
AN = =3 w I
68 T~ ~ T 1672
. /J
o1 o N
g
1vg
872 CE:
05 2 =
i7 T I
0Lz — o i |L
1L
aLe
VLT
98¢ S I
L8 .mHV ~ * _ .
8861 — e —== [0
06 '€
20°L
80 .h/. =
gL — ES
&L I Ed =~ 80
o = gl = 5
9z L =
9¢°L
1871
0]

PROTON_01
M-103-16P

2.5

-0.5

1.5 1.0 0.5 0.0

2.0

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

9.5

f1 (ppm)



22
21
—20
19
—18
17

16

15

14

13

12

-11

—10

G9el—

¥0°0c—

29 Vr—
8¢ 87—

GL 9L
00 .EW
14 .E.\.
76 8L

10 ‘68—

10 °6g1—"
16 "LeT~
20 '0€T~

CARBON_01
M-103-16P
Et”

oy

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



—6000

5500
5000
4500

4000
3500

3000

2500

2000

1500

1000

500

~—500

201
mo.HW
G0°'1

97 T~
L2 1"

1€
4y
€€
g€
0¢
(]
1]
9¢
8¢
69
09
29
6L
18
z8
19
29
29
€9
€9
79
79
79
S9
§9°

e R R R R R RS oS oS HoS HoS B o oS oS oS oS oS oS oS Jo

L-L=£=§=§§*fi=é=A—J L~L=é=;;§=g=ﬁ§f%‘i=A—J

61
02
12
54
9¢
L2
8¢

L4§¢§hééé;LJ

O o S e Sy oS

PROTON_01
m-103-19P

I

Ph

B
Z
Et/N
Me

I (1)
1.03

H (d)
1.27

i

Fsrs

Ferer

H(ﬁo.m .

961
€0°C

Fooz |

Foot

152 |

981

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

3.5



——20

(e} S (=] o (e} (] (] o (e} (] (e}
[op} 0 o~ © Lo <t ap) N — o [e) S (e} S (e [e»] (e} S [e»] —
— — — — — — — — — — » 0 o~ © Lo <t o (a\] — (e |
| | | | | | | | | | | | | | | | | | | | |
69 ¢1— -
02 05~ -
1802~
G '6g— -
oF Tr—
0L Lv— -
GL 9L~ =
00°LL =
Gz LL ]
et 08~ ]
20°¢8~"
117921~ _
22 88T~ —
8y 821~
18 0P T — —
=
o

CARBON_01
m-103-19P

B
=
Et/N
Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)



6000

5500

5000

4500

—4000

3500

—3000

2500

2000

1500

1000

500

~—500

L0°T
wo.HW
601

e T~
ce 1"

e
17z
T
Vg
e
9 g
197
997
1977
897
0.2
bt
VLE
VL'g
cLg
aLg
9.°¢
9.°¢

0z v
ON%UY

09 V—

92"
8¢
6
6
6
0€
0€
1€
4y
€€
€€
143
Ge
9¢”

O e e e S S S S S S Sy e o

PROTON_01
m-103-18P

0" > Ph

B
=
Et/N
Me

H (t)
1.08

G ()
1.34

E (m)
2.68

D (a)
3.75

C (s)
2

B (s)
4. 60

—

Foss

Fo0¢

Fuoz
Forz |

Foor |

Fe61 |

Fooz

Froov |

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

6.5

9.0 8.5 8.0 7.5 7.0

9.5

f1 (ppm)



160
150
140

130

120

—110

100

90

—80

~70

—60

—50

—40

~30

20
10

0L €T—

G0 06—

9V —
6L°Lv—

LV LS—

9z TL—
)
oo.hwuvu
<z 1L
6¢ ‘6L

Yy 98—

81121
No.mmﬁmwm
8¢ '8z1

LG 7LET—

0" >Ph

B
=
Et/N
Me

CARBON_01
m-103-18P

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

210



—5000

4500
4000
3500
3000
2500
2000
1500
1000
500

L6°
66"
0r"
1%
48
8¢ "
0¢ "

L1
81
61
12
[44
18
z8

LT
61
61
02
[44
[44
9¢
9¢
62
62
0€
1€
43

PROTON_01
m-102-7P

HH

F (d)

1.11
E (d)
1.29

H

VOSSN

C (q)

HH

A (m)

O O el Sl el S S S S Sy SOl SR o

Ph

Pr
Me

|
N
Pr

E70°¢
666
=rLe

Fcs1

Fo01

1872
6T

10

11

12

13




o (= (e [} o o (e} o (e}
0~ © Lo <t ™ N — (=) o o =} o o (=] o [} (e] —
— — — — — — — — (e} [0'9) o~ © Lo < g [aN} — o |
| | | | | | | | | | | | | | | | | | |
9V '0¢—~ —
0L "€2~_ B
YL ve— -
09 TV— —
Y0 9y — Il—
GL 9L
00 .EW —
GZ°LL
6 18— ]
8 v6— —
L vel— 7
€V LT~ [
91 821" - 3

GCTET~

SV OVl —

Ph

AN

Pr
Me

|
; N
Pr”

CARBON_01
m-102-7P

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190



o o o o j=) o o o
o o (=} [l =} o o o o
Lo (=} Lo o Lo o Lo [« (=)
< <t g ™ N N — — Lo (=)
| | | | | | | | | |
—_—

s
T (v)
0.90

/
H (t)
1.04
H—

o
G (m)
1.49

F (m)
——

1. 69

—
o~

E (m)
2.4
D (m)
51
—
]

961
L6°1

T —== 001

@
<t

N
/

82°L =
82°L Ea L
60 L—> ~— e I IIJU Froz
eyl — s Feun
erL
eh L

A (m)
7.42

n—102-8P
Pr / Ph
N_Z
Pr
Et

PROTON_01

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)

9.0




=10

15

14

13

12

11

~10

eV’
L6°

.-

V"

09
00

GL-
00"
Gc”
Ge "

(

eG—
9§ —

€LCCT—
09 °L2T~
GI 821"
L9 TeT~

CARBON_01
m-102-8P

Ph

Pr

4

|
_N
Pr

Et

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

210



5500

5000

4500

4000

3500
3000

2500

2000
1500
—1000

500

—-500

01"
1%
A%
4%
GI°
LT"
02"
[
ve"
Sl
62"
1e”
€€’
19°
€9°
8L"
08"
98"
66"
86"
[
48

S
S
¥
LV

€9°

9¢
8¢
62
0€
1€
8%
[47
v

PROTON_01
m-102-6P

[ e O Sl Sl S SM S o

=

H (m)
1.21

F (m)
1.78

E (m)
1.95

D (m)
2.45

—
G (m)
1.62

C (s)
6

HH

—=

H/.mN.H

Fsiz |

H\.mﬁ C

Foov

Fo0°¢

Fiwee [

Fcs1

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



160

ve-
80"
18"

N

89"

0~

Gl
00
514

z8
09

9L
.EW
LL

T8~

68"

v g1 —"
98131~
617851
€911~

CARBON_01
m-102-6P

150
—140
—130
120
—110
100
—90
~80
~70
60
—50
—40
~30
—20
—10
——10

10

20

30

40

50

60

70

110 100 90 80

f1 (ppm)

120

130

200 190 180 170 160 150 140

210




4500

4000

3500

~3000

2500

2000

—1500

1000

500

PROTON 01 eecsa5233938]88 8 3 2
m—-102-4P e e e e e e e e e e e e o o3 i
Me Ph/”
I =
Ph_N_Z
C (s)
.53
A (m) B (s) D (s)
7.37 3. 65 2. 42
— H —
I I
1
[l
Il
A I
. T T
2 S5 ®
o o o 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 T T T
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)



—50

45

—40

35

~30

25

—20

15

—10

66"
[

ve"

GL*

00
14

8¢
89

LZ”
61"
00"
§¢-
0€ "
ve:
1L°
ov -

CARBON_01
m-102-4P

9.
.EW-
‘LL
T8~
68—

Ph
4

I\Ille
Ph._N

50 30 10 -10

70

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
f1 (ppm)

T
230




2800
2600
2400
2200
2000
1800
1600
1400
1200
—1000
800

—600

400

200

——200

J ()
1.18

I (m)
1.83

1.99

H (m)

F (m)
2.48

= — =

il

B (m)

=

M-102-2P
——Ph
\\Me

PROTON_01

Froe [
st

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)

8.0

8.5




% j=) o (=) j=3 o (=} S S o w
— (e} [oe] [ © Lo <A ™ N — (=) |
| | | | | | | | | | | |
89 €l— I
10 '¢¢— [
6L T€— —
8¢ Ly =" -
1616~ —
88 TG~ N |
GL 9.
GG 'LL
v v8— -7
€9 88— -3
€€ €Cl— -7
98231~ B
G181~ -
99 'Tel— E—
<
o

CARBON_01
M-102-2P

\\Me

-10

10

50

80

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
f1 (ppm)

T
230




	SI-NMR.pdf
	Untitled




