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General information

All reactions involving air-sensitive compounds were performed in oven-dried
glassware by using standard Schlenk techniques. All reactions were monitored by
TLC, TLC analysis was performed by illumination with a UV lamp (254 nm). All
flash chromatography was packed with silica-gel as the stationary phase. 'H NMR
(500 MHz) spectra were recorded on a Bruker Avance 500 instrument, and chemical
shifts were reported in ppm downfield from internal TMS with the solvent resonance
as the internal standard (CDCl;, 6 = 7.26 ppm). 3C NMR (126 MHz) spectra were
recorded on a Bruker Avance 500 instrument, and chemical shifts were reported in
ppm downfield from TMS with the solvent resonance as the internal standard (CDCls;,
d = 77.2 ppm). 'F NMR (471 MHz) spectra were recorded on a Bruker Avance 500
instrument. Optical rotations were measured on a Hanon Automatic Polarimeter P850.
Infrared spectra were recorded on a NICOLET FT/IR-200 spectrometer. High
resolution MS (ESI-orbitrap) were obtained on Thermo Fisher Q Exactive Mass
Spectrometer. Melting points were recorded on a X-4 series microscope melting point
apparatus at ambient pressure.

General procedure for the racemic homoallylamines

A mixture of 2-aminophenol (0.24 mmol), aldehyde (0.20 mmol) and 4A MS (100 mg)
was stirred in MeOH (0.4 mL) at rt for 2 h. Allylboronate (0.24 mmol) was added,
then the mixture was stirred at rt for the time indicated in the table. Finally, the
reaction mixture was subjected to the preparative thin layer chromatography to give
desired product.

General procedure for the chiral homoallylamines

A mixture of chiral amino alcohol (0.24 mmol), aldehyde (0.2 mmol) and methanol
(1.0 mmol) was stirred in DMSO (0.4 mL) at rt for 2 h. Allylboronate (0.24 mmol)
was added, then the reaction mixture was stirred at rt for the time indicated in the
table. Finally, the reaction mixture was subjected to the preparative thin layer
chromatography to give desired product.

Characterization data of the reaction products

rac-2-((1-phenylbut-3-en-1-yl)amino)phenol (4ac)!!l: According to the general
procedure of Petasis-type allylation reactions for the synthesis of racemic
homoallylamines, the title compound was obtained in 82% yield as a brown oil, Rf =
- 0.48 (PE/EA =5:1). '"H NMR (500 MHz, CDCl3) 6 7.36 - 7.35 (m,

2H), 7.30 (t, J = 7.5 Hz, 1H), 7.24 - 7.20 (m, 1H), 6.69 - 6.65 (m,
@ 2H), 6.56 - 6.55 (m, 1H), 6.38 (d, J= 7.5 Hz, 1H), 5.82 - 5.74 (m,
1H), 5.20 - 5.12 (m, 2H), 4.36 (t, J= 7.0 Hz, 1H), 2.64 - 2.52 (m,
o 2H); *C NMR (126 MHz, CDCl;) 8 143.6 (d, J=25.2 Hz), 136.1,

NH
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134.7,128.5, 127.0, 126.4, 121.5, 118.2, 117.7, 114.2, 113.7, 57.8, 43.2.

rac-2-((1-(p-tolyl)but-3-en-1-yl)amino)phenol (4bc)l: According to the general
procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound
NH was obtained in 83% yield as a brown oil, Rf = 0.47 (PE/EA
= 5:1). '"H NMR (500 MHz, CDCl3) 6 7.24 (d, J = 8.5 Hz,
2H), 7.11 (d, J = 8.0 Hz, 2H), 6.67 - 6.65 (m, 2H), 6.56 - 6.53
Me (m, 1H), 6.41 (d, J= 7.5 Hz, 1H), 5.83 - 5.74 (m, 1H), 5.19 -
5.11 (m, 2H), 4.33 (t, J = 5.5 Hz, 1H), 2.62 - 2.51 (m, 2H), 2.31 (s, 3H); *C NMR
(126 MHz, CDCls) & 143.8, 140.5, 136.5, 136.1, 134.8, 129.3, 126.3, 121.5, 118.1,
114.1, 113.9,57.6,43.2,21.1 .

OH

X

rac-2-((1-(4-isopropylphenyl)but-3-en-1-yl)amino)phenol (4cc): According to the
general procedure of Petasis-type allylation reactions for the synthesis of racemic
homoallylamines, the title compound was obtained in 85% yield as a brown oil, Rf =
0.47 (PE/EA = 5:1). 'H NMR (500 MHz, CDCl3) 8 7.29 -
7.37 (m, 2H), 7.18 -7.16 (d, J = 8.0 Hz, 2H), 6.71 - 6.69 (m,
NH 2H), 6.58 - 6.56 (m, 1H), 6.44 (d, J= 8.0 Hz, 1H), 5.84 - 5.76

| (m 1H), 5.21 - 5.12 (m, 2H), 4.35 (1, J = 6.0 Hz, 1H), 2.91 -
2.85 (m, 1H), 2.64 - 2.52 (m, 2H), 1.24 (d, J = 1.5 Hz, 3H),
1.23 (d, J = 1.0 Hz, 3H); '*C NMR (126 MHz, CDCls) &

147.5, 143.7, 140.8, 136.2, 134.9, 126.6, 126.3, 121.5, 118.0,
117.6, 114.1, 113.8, 57.5, 43.2, 33.7, 24.0; IR (KBr): 3419, 2959, 1608, 1509, 1457,
1268, 1195, 1103, 739 cm™!; HRMS calcd. for [M+H]": 280.1702, found: 280.1706.

OH

rac-methyl-4-(1-((2-hydroxyphenyl)amino)but-3-en-1-yl)benzoate (4gc):
According to the general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was obtained in 80% yield
as a brown oil, Rf = 0.48 (PE/EA = 5:1). 'H NMR (500
MHz, CDCls) & 8.00 (d, J = 8.0 Hz, 2H), 7.45 (d, /= 8.0
NH Hz, 2H), 6.72 (d, J = 7.5 Hz), 6.64 (t, J = 7.0 Hz, 1H),
6.55 (t, J= 7.0 Hz, 1H), 6.28 (d, J = 8.0 Hz, 1H), 5.81 -
5.73 (m, 1H), 5.21 - 5.14 (m, 2H), 4.44 (t, J = 6.0 Hz,
MeOOC 1H), 3.91 (s, 3H), 2.66 - 2.54 (m, 2H); 3C NMR (126

MHz, CDCls) 6 167.4, 149.3, 143.5, 135.8, 134.0, 129.8,
128.8, 126.5, 125.8, 121.3, 118.7, 117.6, 114.2, 113.0, 57.5, 52.5, 42.9; IR (KBr):
3409, 2974, 1701, 1523, 1440, 1298, 1159, 1102, 734 cm™'; HRMS calcd. for [M+H]":
296.1286, found: 296.1292.

L
NH

OH

X
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rac-2-((1-(m-tolyl)but-3-en-1-yl)amino)phenol (4hc)!ll: According to the general
procedure of Petasis-type allylation reactions for the synthesis of racemic
homoallylamines, the title compound was obtained in 83% yield as a brown oil, Rf =
0.49 (PE/EA = 5:1). '"H NMR (500 MHz, CDCl3) 8 7.23 - 7.16 (m, 3H), 7.05 (d, J =
7.5 Hz, 1H), 6.69 - 6.57 (m, 3H), 6.42 (d, J= 7.0 Hz, 1H), 5.84 - 5.76 (m, 1H), 5.22 -
5.17 (m, 2H), 4.33 (s, 1H), 2.64 - 2.52 (m, 2H), 2.34 (s, 3H); 13C NMR (126 MHz,
CDCl,) o 143.6, 138.1, 136.2, 134.8, 128.4, 127.8, 127.0, 123.5, 121.5, 118.1, 117.6,
114.1, 113.7,57.8, 43.2, 21.6.

rac-3-(1-((2-hydroxyphenyl)amino)but-3-en-1-yl)benzonitrile (4lc): According to
the general procedure of Petasis-type allylation reactions for the synthesis of racemic
homoallylamines, the title compound was obtained in 86% yield as a brown oil, Rf =
OH 0.47 (PE/EA = 5:1). 'H NMR (500 MHz, CDCl3) 8 7.69 (s, 1H),
@ 7.62 (d, J=8.0 Hz, 1H), 7.53 (d, /= 7.5 Hz, 1H), 742 (t,J=17.5

NH Hz, 1H), 6.74 (d, J= 7.5 Hz, 1H), 6.67 (t,J= 7.5 Hz, 1H), 6.58 (t,

| /=75 Hz 1H), 579 - 5.70 (m, 1H), 5.21 - 5.16 (m, 2H), 441 (s,
J=6.0 Hz, 1H), 2.63 - 2.51 (m, 2H); 3C NMR (126 MHz, CDCl;)
§ 145.5, 143.4, 135.5, 133.5, 131.1, 130.9, 130.2, 129.4, 121.4,
CN

119.1, 119.0, 117.8, 114.3, 112.7, 112.5, 57.0, 43.0; IR (KBr):
3408, 3075, 1610, 1514, 1445, 1271, 1196, 1100, 741 cm™!'; HRMS calcd. for [M+H]*:
263.1185, found: 263.1189.

rac-2-((1-(3,4-dimethylphenyl)but-3-en-1-yl)amino)phenol (4mc): According to
the general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was
NH obtained in 85% yield as a brown oil, Rf = 0.45 (PE/EA = 5:1).

« "HNMR (500 MHz, CDCLy) 8 7.13 (s, 1H), 7.13 - 7.06 (m, 2H),
6.70 - 6.69 (m, 2H), 6.58 - 6.56 (m, 1H), 6.45 - 6.43 (m, 1H),
5.84 - 5.76 (m, 1H), 5.20 - 5.12 (m, 2H), 4.29 (t, J = 6.0 Hz,

1H), 2.62 - 2.50 (m, 2H), 2.24 (d, J = 7.5 Hz, 6H); '*C NMR
(126 MHz, CDCl3) & 143.8, 141.0, 136.7, 136.2, 135.2, 135.0, 129.8, 127.6, 123.7,
121.5, 118.0, 117.6, 57.6, 43.3, 19.9, 19.4; IR (KBr): 3689, 2923, 1610, 1509, 1445,
1267, 1195, 1100, 741 cm'; HRMS calcd. for [M+H]*: 266.1546, found: 266.1550.

OH

rac-2-((1-(2-fluorophenyl)but-3-en-1-yl)amino)phenol (4nc): According to the
OH general procedure of Petasis-type allylation reactions for the
@ synthesis of racemic homoallylamines, the title compound was
NH obtained in 84 % yield as a brown oil, Rf = 0.49 (PE/EA = 5:1).
wa 'H NMR (500 MHz, CDCl3) § 7.35 (td, J = 7.5 Hz, 1.5 Hz, 1H),
7.22 -7.18 (m, 1H), 7.08 - 7.06 (m, 2H), 6.70 - 6.68 (m, 2H), 6.59

F - 6.57 (m, 1H), 6.52 (d, J= 7.5 Hz, 1H), 5.85 - 5.77 (m, 1H), 5.21

- 5.13 (m, 2H), 4.76 (t, J = 6.0 Hz, 1H), 2.71 - 2.57 (m, 2H); 13C NMR (126 MHz,

CDCly) 6 161.5, 159.6, 143.6, 135.6, 134.3, 128.5, (d, J = 7.6 Hz), 127.8 (d, J = 5.0
Hz), 124.3 (d, J=2.5 Hz), 121.6 (d, /= 21.4 Hz), 118.4, 117.8, 115.5, 114.2, 113.3,
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51.3,41.3; F NMR (471 MHz, CDCl;) & -120.0 (s, 1F); IR (KBr): 3421, 3076, 2925,
1610, 1513, 1265, 1221, 1096, 740 cm™'; HRMS calcd. for [M+H]": 256.1138, found:

256.1143.

rac-2-((1-(o-tolyl)but-3-en-1-yl)amino)phenol (4oc)!!l: According to the general

OH

4

NH

't

Me

procedure of Petasis-type allylation reactions for the synthesis of
racemic homoallylamines, the title compound was obtained in 84%
yield as a brown oil, Rf = 0.46 (PE/EA = 5:1). 'H NMR (500 MHz,
CDCl;) 6 7.44 - 7.42 (m, 1H), 7.19 - 7.13 (m, 3H), 6.68 - 6.55 (m,
3H), 6.26 (d, J= 6.5 Hz, 1H), 5.88 - 5.80 (m, 1H), 5.25 - 5.15 (m,
2H), 4.60 (s, 1H), 2.63 - 2.48 (m, 2H), 2.46 (s, 3H); 13C NMR
(126 MHz, CDCl;) 6 143.6, 141.2, 136.2, 134.8, 134.6, 130.6,

126.7,126.5, 125.5, 121.6, 118.2, 117.5, 114.2, 113.1, 53.8, 41.4, 19.2.

rac-2-((1-(2-methoxyphenyl)but-3-en-1-yl)amino)phenol (4pc)?l: According to the

OH

4

NH

j

OMe

general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was
obtained in 82% yield as a brown oil, Rf = 0.45 (PE/EA = 5:1).
'H NMR (500 MHz, CDCl3) 6 7.29 (dd, J= 7.5 Hz, 1.5 Hz, 1H),
7.21 (td, J = 8.0 Hz, 1.5 Hz, 1H), 6.92 - 6.87 (m, 2H), 6.69 - 6.57
(m, 3H), 6.40 (d, J= 7.0 Hz, 1H), 5.85 - 5.77 (m, 1H), 5.19 - 5.09

(m, 2H), 4.75 (s, 1H), 3.91 (s, 3H), 2.70 - 2.51 (m, 2H); 3C NMR (126 MHz, CDCl;)
5 156.8, 144.1, 136.0, 135.4, 130.9, 127.8, 127.2, 121.4, 127.2, 121.4, 120.7, 117.8,
117.6, 114.2, 110.5, 55.4, 52.2, 40.5.

rac-2-((1-(2-chlorophenyl)but-3-en-1-yl)amino)phenol (4qc)!!l: According to the

OH

4

NH

"t

Cl

general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was
obtained in 83% yield as a brown oil, Rf = 0.47 (PE/EA = 5:1). 'H
NMR (500 MHz, CDCls) 6 7.45 - 7.43 (m, 1H), 7.39 - 7.37 (m,
1H), 7.20 - 7.15 (m, 2H), 6.70 - 6.68 (m, 1H), 6.56 - 6.55 (m, 1H),
6.27 - 6.26 (m, 1H), 5.88 - 5.80 (m, 1H), 5.25 - 5.16 (m, 2H), 4.87
(s, 1H), 2.74 - 2.69 (m, 1H), 2.52 - 2.46 (m, 1H); 3C NMR (126

MHz, CDCls) 6 143.2, 140.4, 135.7, 134.3, 132.7, 129.7, 128.1, 127.6, 127.2, 121.7,
118.5,117.4,114.1, 112.9, 53.8, 40.8.

rac-2-((1-(2-(trifluoromethyl)phenyl)but-3-en-1-yl)amino)phenol (4rc): According

OH

4

NH

"t

CF3

to the general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was
obtained in 90% yield as a brown oil, Rf = 0.46 (PE/EA = 5:1). 'H
NMR (500 MHz, CDCl3) 6 7.72 (d, J= 8.0 Hz, 1H), 7.69 (d, J =
8.0 Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H),
6.69 - 6.64 (m, 2H), 6.56 - 6.53 (t, J = 7.5 Hz, 1H), 6.36 (d, J =
7.5 Hz, 1H), 5.92 - 5.84 (m, 1H), 4.83 (d, J = 7.0 Hz, 1H), 2.72 -
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2.67 (m, 1H), 2.42 - 2.36 (m, 1H); *C NMR (126 MHz, CDCl;) & 143.4, 143.2, 135.6,
134.4, 132.4, 127.4, 127.1, 126.0 (q, J = 6.1 Hz), 125.8, 123.7, 121.6, 118.6, 117.7,
114.1, 113.1, 53.2, 43.2; 'F NMR (471 MHz, CDCls) 6 -58.3 (s, 3F); IR (KBr): 3423,
2970, 1609, 1513, 1311, 1117, 1036, 740 cm™'; HRMS calcd. for [M+H]*: 306.1107,
found: 306.1111.

rac-2-(1-(phenylamino)but-3-en-1-yl)phenol (4sg)!?!: According to the general
©\ procedure of Petasis-type allylation reactions for the synthesis of
NH

racemic homoallylamines, the title compound was obtained in 87%
yield as a brown oil, Rf = 0.48 (PE/EA = 5:1). '"H NMR (500 MHz,
x| CDCl3) 6 7.18 - 7.14 (m, 4H), 6.92 - 6.87 (m, 2H), 6.82 (d, /= 8.5

Hz, 2H), 6.76 (d, J = 7.5 Hz, 2H), 5.89 - 5.81 (m, 1H), 5.31 - 5.27

OH (m, 2H), 4.33 (t, J = 7.0 Hz, 1H), 2.68 (t, J = 7.5 Hz, 2H); 13C

NMR (126 MHz, CDCl;) 8 156.6, 146.8, 134.3, 129.3, 128.6, 127.8, 126.2, 59.9, 41 .4.

rac-2-((1-(furan-2-yl)but-3-en-1-yl)amino)phenol (4tc)3: According to the general

OH procedure of Petasis-type allylation reactions for the synthesis of
@ racemic homoallylamines, the title compound was obtained in 80%
NH yield as a brown oil, Rf = 0.48 (PE/EA = 5:1). '"H NMR (500

~ N MHz, CDCl;) 6 7.36 - 7.35 (m, 1H), 6.78 - 6.76 (td, J = 7.5 Hz,
\_d 1.5 Hz, 1H), 6.75 - 6.74 (m, 1H), 6.67 (td, J = 7.5 Hz, 1.0 Hz),

6.64 (dd, J=8.0 Hz, 1.0 Hz, 1H), 5.20 - 5.12 (m, 2H), 4.45 (1, J =
6.5Hz, 1H), 2.69 (m, 2H); 3C NMR (126 MHz, CDCls) & 155.7, 145.0, 141.6, 135.3,
134.1,121.3, 119.3, 118.3, 115.2, 114.5, 110.1, 106.3, 52.5, 39.2.

rac-2-((1-(6-bromopyridin-2-yl)but-3-en-1-yl)amino)phenol (4uc): According to
the general procedure of Petasis-type allylation reactions for

@OH the synthesis of racemic homoallylamines, the title compound
NH was obtained in 80% yield as a brown oil, Rf = 0.46 (PE/EA =
Br _N 5:1). '"H NMR (500 MHz, CDCl3) 6 7.45 (t, J = 7.5 Hz, 1H),
| S h 7.34 (d, J=17.5 Hz, 1H), 7.28 (d, J = 7.5 Hz, 1H), 6.75 (dd, J

Z =8.0, 1.0 Hz, 1H), 6.70 (td, /= 7.5 Hz, 1.0 Hz, 1H), 6.61 (td,

J=17.5Hz, 1.0 Hz, 1H), 6.39 (dd, J= 7.5 Hz, 1.0 Hz, 1H), 5.82 - 5.74 (m, 1H), 5.21 -
5.13 (m, 2H), 4.48 - 4.46 (m, 1H), 2.79 - 2.74 (m, 1H), 2.60 - 2.54 (m, 1H); 3C NMR
(126 MHz, CDCLy) & 164.7, 144.2, 141.7, 139.1, 135.7, 134.0, 126.4, 121.5, 119.8,
118.7, 118.6, 114.7, 114.3, 59.0, 41.3; IR (KBr): 3076, 2926, 1639, 1514, 1433, 1266,
1160, 993, 740 cm'; HRMS caled. for [M+H]*: 317.0290, found: 317.0295.

rac-(E)-2-((1-phenylhexa-1,5-dien-3-yl)amino)phenol (4vc)!!l: According to the

general procedure of Petasis-type allylation reactions for the

OH . . . .

@ synthesis of racemic homoallylamines, the title compound
was obtained in 80% yield as a brown oil, Rf = 0.47 (PE/EA

= 5:1). 'TH NMR (500 MHz, CDCls) § 7.36 (d, J = 7.5 Hz,
o SSUO1H), 7.30 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 7.5 Hz), 6.83 - 6.73
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(m, 3H), 6.66 - 6.63 (m, 1H), 6.61 - 6.57 (m, 1H), 6.21 (dd, J = 16.0 Hz, 6.0 Hz, 1H),
5.94 - 5.86 (m, 1H), 5.23 - 5.16 (m, 2H), 4.06 - 4.01 (m, 1H), 2.53 - 2.50 (m, 2H); 13C
NMR (126 MHz, CDCls) & 144.3, 137.0, 135.9, 134.5, 131.6, 130.5, 128.5, 127.4,
126.4, 121.5, 118.3, 114.3, 55.8, 40.5.

rac-2-((1-cyclohexylbut-3-en-1-yl)amino)-3-methylphenol (4wh)B3l: According to
the general procedure of Petasis-type allylation reactions for the
synthesis of racemic homoallylamines, the title compound was
obtained in 60% yield as a brown oil, Rf = 0.48 (PE/EA = 10:1).
"H NMR (500 MHz, CDCl;) 6 6.91 (t,J= 8.0 Hz, 1H), 6.74 (d,

HN
Meﬁj/cm J=28.0 Hz, 1H), 6.66 (d, J= 7.5 Hz, 2H), 5.88 - 5.79 (m, 1H),

/

5.15 - 5.10 (m, 2H), 2.90 - 2.87 (m, 1H), 2.28-2.23 (m, 3H),
2.10 - 2.04 (m, 1H), 1.83 - 1.62 (m, SH), 1.28 - 1.14 (m, SH);
13C NMR (126 MHz, CDCl5) § 152.8, 136.2, 133.5, 131.9, 125.0, 121.9, 117.8, 112.1,
62.0, 40.5, 35.6, 28.8 (d, J = 8.8 Hz), 26.6 (d, J= 2.9 Hz), 18.1.

(15,2R)-1-(((S)-1-phenylbut-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-o0l (6ae)l“!:
According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines, the title
compound was obtained in 95% yield as a brown oil, Rf = 0.40

L
NH
©/y\/\ (PE/DCM = 1:1), dr = 13.6:1, [0]p® = -15.7 (¢ = 0.3, CHCl;). 'H
X

NMR (500 MHz, CDCLy) & 7.38 (d, J = 4.5 Hz, 4H), 7.31 - 7.28
(m, 1H), 7.20 - 7.15 (m, 3H), 7.06 (d, J = 7.0 Hz, 1H), 5.82 -
5.74 (m, 1H), 5.12 - 5.06 (m, 2H), 4.42 - 4.40 (m, 1H), 4.01 (d, J = 5.0 Hz, 1H), 3.86
(t, J = 7.0 Hz, 1H), 2.97 - 2.96 (m, 2H), 2.58 - 2.51 (m, 2H); 3C NMR (126 MHz,
CDCly) & 143.4 , 142.3, 141.0, 135.0, 128.7, 128.0, 127.5, 127.0, 126.7, 125.5, 125.4,
123.6, 117.8, 70.7, 63.5, 61.5, 42.6, 39.8; IR (KBr): 3334, 2915, 1640, 1456, 1156,
1050, 916, 810, 702 cm''; HRMS caled. for [M+H]*: 280.1696, found: 280.1696.

(1S,2R)-1-(((S)-1-(p-tolyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-ol (6be) :
According to the general procedure of Petasis-type allylation
@‘OH reactions for the synthesis of racemic homoallylamines, the

title compound was obtained in 95% yield as a brown oil, Rf

— 0.38 (PE/DCM = 1:1), dr = 14.3:1, [o]p2 = 12.0 (c = 0.3,
/@J\/\ CHCL;). '"H NMR (500 MHz, CDCl3) 8 7.29 - 7.27 (m, 2H),
Ve 7.21 -7.16 (m, 5H), 7.08 (d, J = 7.0 Hz, 1H), 5.83 - 5.75 (m,

1H), 5.13 - 5.06 (m, 2H), 4.41 - 4.39 (m, 1H), 4.01 (d, J =
5.0 Hz, 1H), 3.82 (t, J= 7.0 Hz, 1H), 2.98 - 2.96 (m, 2H), 2.57 - 2.5 (m, 2H), 2.37 (s,
3H); 3C NMR (126 MHz, CDCl;) § 142.4, 141.1, 140.4, 137.1, 135.1, 129.4, 127.9,
126.9, 126.7, 125.5, 123.5, 117.6, 70.7, 63.5, 61.2, 42.6, 39.8, 21.1; IR (KBr): 3331,
2918, 1640, 1459, 1160, 1050, 915, 817, 730 cm'; HRMS caled. for [M+H]*:
294.1853, found: 294.1852.

oH (1S,2R)-1-(((S)-1-(4-methoxyphenyl)but-3-en-1-yl)amino)-

NH S6

MeO




2,3-dihydro-1H-inden-2-o0l (6ce): According to the general procedure of Petasis-type
allylation reactions for the synthesis of racemic homoallylamines, the title compound
was obtained in 92% yield as a brown oil, Rf = 0.39 (PE/DCM = 1:1), dr = 12.3:1,
[a]p® = 17.0 (¢ = 0.3, CHCl5). '"H NMR (500 MHz, CDCl;) 6 7.28 - 7.26 (m, 2H),
7.16 - 7.11 (m, 3H), 7.02 (d, /= 6.5 Hz, 1H), 6.89 - 6.88 (m, 2H), 5.78 - 5.69 (m, 1H),
5.07 - 5.04 (m, 2H), 4.36 (m, 1H), 3.97 (d, J=5.0 Hz, 1H), 3.78 (s, 3H), 2.93 (d, J =
3.0 Hz, 2H), 2.52 - 2.44 (m, 2H); 3C NMR (126 MHz, CDCl;) 6 158.9, 142.4, 141.1,
135.5, 135.1, 128.0, 127.9, 126.6, 125.5, 123.5, 117.6, 114.1, 70.7, 63.5, 60.9, 55.3,
42.6, 39.8; IR (KBr): 3339, 2913, 1610, 1511, 1174, 1036, 916, 831, 746 cm'!; HRMS
calcd. for [M+H]*: 310.1801, found: 310.1802.

(18,2R)-1-(((S)-1-(4-fluorophenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-
ol (6de): According to the general procedure of Petasis-type allylation reactions for

the synthesis of racemic homoallylamines, the title compound
@‘OH was obtained in 93% yield as a brown oil, Rf = 0.36 (PE/DCM

\H = 1:1), dr > 20:1, [a]p® = 17.0 (¢ = 0.3, CHCl;). 'H NMR

(500 MHz, CDCL;) § 7.38 - 7.36 (m, 2H), 7.21 - 7.17 (m, 3H),
/@J\/\ 7.11 - 7.08 (m, 3H), 5.80 - 5.72 (m, 1H), 5.12 - 5.06 (m, 2H),
- 4.42 - 4.40 (m, 1H), 3.97 (d, J = 5.0 Hz, 1H), 3.8 (t, J = 7.0

Hz, 1H), 2.97 (d, J = 3.5 Hz, 2H), 2.57 - 2.46 (m, 1H); 13C
NMR (126 MHz, CDCls) 5 163.1, 161.1, 142.2, 140.9, 139.2, 134.7, 128.5 (d, J = 8.0
Hz), 128.0, 126.7, 125.5, 123.6, 118.0, 115.6, 115.4, 70.8, 63.5, 60.7, 42.7, 39.8; '9F
NMR (471 MHz, CDCl3) § -115.2 (s, 1F); IR (KBr): 3333, 2914, 1603, 1508, 1157,
1050, 917, 834, 744 cm'; HRMS caled. for [M+H]*: 298.1601, found: 298.1602.

(18,2R)-1-(((S)-1-(4-chlorophenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-
ol (6ee): According to the general procedure of Petasis-type allylation reactions for

the synthesis of racemic homoallylamines, the title compound
@‘OH was obtained in 88% vyield as a brown oil, Rf = 0.38
NH

(PE/DCM = 1:1), dr > 20:1, [a]p?* = 21.7 (¢ = 0.3, CHCLy). 'H
NMR (500 MHz, CDCly) § 7.37 - 7.32 (m, 4H), 7.21 - 7.17 (m,
3H), 7.10 (d, J = 6.5 Hz, 1H), 5.79 - 5.70 (m, 1H), 5.11 - 5.06
ol (m, 2H), 4.41 (q, J = 3.6 Hz, 1H), 3.95 (d, J = 5.0 Hz, 1H),

3.85 (t, J = 6.5 Hz, 1H), 2.96 (d, J = 3.5 Hz, 2H), 2.55 - 2.46
(m, 2H); 3C NMR (126 MHz, CDCl) § 142.1, 142.0, 140.9, 134.6, 133.1, 128.8,
128.4, 128.0, 126.8, 125.5, 123.6, 118.1, 70.9, 63.5, 60.7, 42.6, 39.8; IR (KBr): 3404,
2921, 1640, 1486, 1160, 1088, 916, 826, 740 cm’'; HRMS calcd. for [M+H]":
314.1305, found: 314.1306.

/

(18,2R)-1-(((S)-1-(4-bromophenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-
ol (6fe): According to the general procedure of Petasis-type allylation reactions for

the synthesis of racemic homoallylamines, the title
@‘OH compound was obtained in 94% yield as a brown oil, Rf =
NH

o "
X
Br




0.41 (PE/DCM = 1:1), dr > 20:1, [a]p?> = 11.3 (¢ = 0.3, CHCl;). 'H NMR (500 MHz,
CDCl;) 6 7.51 (d, J= 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 7.21 - 7.17 (m, 3H), 7.12
(d, J=6.0 Hz, 2H), 5.80 - 5.72 (m, 1H), 5.12 - 5.07 (m, 2H), 4.13 (q, J = 3.5Hz, 1H),
3.95(d, J= 5.0 Hz, 1H), 3.85 (t, J = 7.0 Hz, 1H), 2.55-2.45 (m, 2H); 3C NMR (126
MHz, CDCl5) 6 142.6, 142.2, 140.8, 134.6, 131.8, 128.8, 128.0, 126.8, 125.5, 123.6,
121.1, 118.2, 70.9, 63.6, 60.8, 42.6, 39.8; IR (KBr): 3328, 2917, 1640, 1477, 1158,
1101, 917, 826, 746 cm!; HRMS calcd. for [M+H]": 358.0800, found: 358.0801.

Methyl4-((S)-1-(((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl)amino) but-3-en-
1-yl)benzoate (6ge): According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines,

@—OH the title compound was obtained in 90% yield as a brown
oil, Rf = 0.38 (PE/DCM = 1:1), dr > 20:1, [a]p® = 29.7

NH (¢ = 0.3, CHCl;). 'H NMR (500 MHz, CDCl5) & 8.06 (d,
/©/'\/k J=28.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.20 - 7.15 (m,
MeOOC 3H), 7.09 (d, J = 6.5 Hz, 1H), 5.79 - 5.71 (m, 1H), 5.11 -

5.06 (m, 2H), 4.43 - 4.40 (m, 1H), 3.95 - 3.91 (m, SH),
2.95 (d, J= 3.5 Hz, 2H), 2.57 - 2.47 (m, 2H); 3C NMR (126 MHz, CDCl;) 4 166.9,
148.9, 142.1, 140.8, 134.4, 130.0, 129.4, 128.0, 127.1, 126.8, 125.5, 123.6, 118.2,
70.9, 63.6, 61.1, 52.1, 42.5, 39.8; IR (KBr): 3421, 2911, 1719, 1609, 1435, 1169,
1111,917, 856, 746 cm!; HRMS calcd. for [M+H]": 338.1750, found: 338.1751.

(18,2R)-1-(((S)-1-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)amino)-2,3-dihydro-
1H-inden-2-o0l (6he): According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines, the
OH | title compound was obtained in 93% yield as a brown oil, Rf
\H = 0.40 (PE/DCM = 1:1), dr > 20:1, [a]p® = 24.0 (¢ = 0.3,

CHCL). 'H NMR (500 MHz, CDCl;) § 7.65 (d, J = 8.0 Hz,
/@J\/\ 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.21 - 7.17 (m, 3H), 7.13 (d, J
FiC — 5.0 Hz, 1H), 5.81 - 5.72 (m, 1H), 5.14 - 5.09 (m, 2H), 4.45

-4.43 (m, 1H), 3.98 - 3.94 (m, 2H), 2.96 (d, J = 3.5 Hz, 2H),
2.56 - 2.49 (m, 2H); 3C NMR (126 MHz, CDCl;) & 147.8, 142.1, 140.8, 134.3, 129.9,
129.6, 128.1, 127.4, 126.8, 125.6 (q, J = 3.8 Hz), 125.6 , 71.0, 63.6, 60.9, 42.7, 39.8;
9F NMR (471 MHz, CDCls) 6 - 62.5 (s, 3F); IR (KBr): 3404, 2913, 1617, 1416, 1325,
1163, 1123, 1066, 913, 840, 730, 607 cm™'; HRMS calcd. for [M+H]": 348.1569,
found: 348.1570.

(18,2R)-1-(((S)-1-(3-methoxyphenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-
2-0l (6ie): According to the general procedure of Petasis-type allylation reactions for
the synthesis of racemic homoallylamines, the title compound
©:?‘OH was obtained in 94% yield as a brown oil, Rf = 0.36 (PE/DCM =
1:1), dr > 20:1, [a]p® = 14.7 (¢ = 0.3, CHCl;). '"H NMR (500

MHz, CDCly) § 7.31 (t, J = 7.5 Hz, 1H), 7.20 - 7.16 (m, 3H),
| 7.10-7.08 (m, 1H), 6.98 (d, J = 8.0 Hz, 1H), 6.95 - 6.94 (m, 1H),

NH
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6.82 (dd, J=8.0, 2.5 Hz, 1H), 5.83 - 5.75 (m, 1H), 5.13 - 5.06 (m, 2H), 4.42 - 4.40 (m,
1H), 4.01 (d, J=4.5 Hz, 1H), 3.83 - 3.80 (m, 4H), 2.97 - 2.96 (m, 2H), 2.52 (t, J="7.5
Hz, 2H); 3C NMR (126 MHz, CDCl3) 6 159.9, 145.2, 142.3, 141.1, 135.0, 129.7,
127.9, 126.7, 125.5, 123.6, 119.3, 117.7, 113.0, 112.5, 70.7, 63.5, 61.4, 55.2, 42.6,
39.8; IR (KBr): 3386, 2915, 1600, 1465, 1156, 1044, 918, 875, 742 cm’!; HRMS
calcd. for [M+H]*: 310.1800, found: 310.1802.

(18,2R)-1-(((S)-1-(3-bromophenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-
ol (6je): According to the general procedure of Petasis-type allylation reactions for
the synthesis of racemic homoallylamines, the title compound
was obtained in 95% yield as a brown oil, Rf = 0.38 (PE/DCM =
1:1), dr > 20:1, [a]p?® = 30.7 (¢ = 0.3, CHCl;). '"H NMR (500

>—~OH
NH MHz, CDCl3) & 7.54 (s, 1H), 7.41 (d, J = 7.5 Hz, 1H), 7.33 (d, J
SAS
Br

= 8.0 Hz, 1H), 7.26 - 7.23 (m, 1H), 7.19 - 7.16 (m, 3H), 7.11 -
7.10 (m, 1H), 5.79 - 5.77 (m, 1H), 5.11 - 5.06 (m, 2H), 4.42 -
4.40 (m, 1H), 3.95 (d, J = 4.5 Hz, 1H), 3.83 (t, / = 7.0 Hz, 1H),
2.96 - 2.95 (m, 2H), 2.50 - 2.47 (m, 2H); *C NMR (126 MHz,
CDCl;) 6 146.1, 142.1, 140.9, 134.5, 130.6, 130.3, 130.2, 128.1, 126.8, 125.6, 125.5,
123.7, 122.9, 118.2, 70.9, 63.6, 60.9, 42.7, 39.8; IR (KBr): 3337, 2913, 1722, 1569,
1426, 1161, 1051, 916, 834, 745 cm'!; HRMS calcd. for [M+H]": 358.0800, found:
358.0810.

(18,2R)-1-(((S)-1-(3-(trifluoromethyl)phenyl)but-3-en-1-yl)amino)-2,3-dihydro-

1H-inden-2-o0l (6ke): According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines, the title
compound was obtained in 92% yield as a brown oil, Rf = 0.40
(PE/DCM = 1:1), dr > 20:1, [a]p® = 10.0 (¢ = 0.3, CHCI3). 'H

o
NH NMR (500 MHz, CDCl3) 8 7.69 (s, 1H), 7.62 (d, J = 7.5 Hz, 1H),
cae
CF5

7.56 (d, J=8.0 Hz, 1H), 7.51 (t, J=7.5 Hz, 1H), 7.21 - 7.19 (m,
3H), 7.14 - 7.12 (m, 1H), 5.81 - 5.73 (m, 1H), 5.14 - 5.09 (m, 2H),
4.46 - 443 (m, 1H), 3.98 - 3.94 (m, 2H), 2.98 - 2.97 (m, 2H),
2.54 - 2.51 (m, 2H); 3C NMR (126 MHz, CDCl;) 6 144.8, 142.1,
140.7, 134.3, 131.2, 130.9, 130.5, 129.1, 128.1, 126.8, 125.5, 124.3 (q, J = 3.7 Hz),
123.7, 118.4, 71.0, 63.6, 60.9, 42.8, 39.8; 1F NMR (471 MHz, CDCl;) 6 -62.2 (s, 3F);
IR (KBr): 3333, 2916, 1641, 1444, 1327, 1164, 1072, 918, 805, 744 cm'; HRMS
calcd. for [M+H]": 348.1570, found: 348.1570.
3-((S)-1-(((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl)amino)but-3-en-1-
yl)benzonitrile (6le): According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines, the title
@—QH compound was obtained in 92% yield as a brown oil, Rf = 0.41
(PE/DCM = 1:1) , dr > 20:1, [a]p?®> = 16.0 (¢ = 0.3, CHCl5). 'H
NH NMR (500 MHz, CDCly) & 7.73 - 7.72 (m, 1H), 7.70 -7.68 (m,
1H), 7.59 - 7.57 (m, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.21 - 7.17 (m,
4H), 5.78 - 5.70 (m, 1H), 5.12 - 5.08 (m, 2H), 4.46 - 4.44 (m,

Vi
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1H), 3.95 (t, /= 7.0 Hz, 1H), 3.89 (d, /= 5.0 Hz, 1H), 3.00 - 2.92 (m, 2H), 2.52 - 2.46
(m, 2H); 13C NMR (126 MHz, CDCls) 6 145.4, 142.0, 140.5, 134.1, 131.6, 131.2,
130.9, 129.5, 128.1, 126.9, 125.3, 123.9, 118.8, 118.6, 112.7, 71.1, 63.7, 60.5, 42.8,
39.9; IR (KBr): 3340, 2914, 1640, 1473, 1158, 1050, 917, 825, 747 cm’!; HRMS
calcd. for [M+H]": 305.1648, found: 305.1648.

methyl 3-((S)-1-(((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl)amino)
but-3-en-1-yl)benzoate (6me): According to the general procedure of Petasis-type

allylation reactions for the synthesis of racemic homoallylamines,
©:?<OH the title compound was obtained in 93% yield as a brown oil, Rf

=0.39 (PE/DCM = 1:1), dr > 20:1, [a]p> = 22.3 (¢ = 0.3, CHCl5).
'"H NMR (500 MHz, CDCls) 8 8.09 (s, 1H), 7.96 (d, J = 7.5 Hz,
| 1H), 7.61 (d,J=7.5 Hz, 1H), 7.46 (t,J = 7.5 Hz, 1H), 7.20 - 7.17
(m, 3H), 7.12 (d, /= 6.0 Hz, 1H), 5.80 - 5.72 (m, 1H), 5.12 - 5.06
COOMe (m, 2H), 4.43 - 4.41 (m, 1H), 3.96 (m, 5H), 2.96 (d, J = 3.2 Hz,
2H), 2.59 - 2.49 (m, 2H); 13C NMR (126 MHz, CDCl;) 6 167.0,
144.1, 142.1, 140.9, 134.6, 131.6, 130.6, 128.8 (d, J = 6.5 Hz), 128.2, 128.0, 126.8,
125.5, 123.7, 70.8, 63.6, 61.1, 52.2, 42.7, 39.8; IR (KBr): 3422, 2911, 1640, 1437,
1197, 1106, 916, 823, 751 cm’'; HRMS caled. for [M+H]": 338.1750, found:
338.1751.

NH

(18,2R)-1-(((S)-1-(2-fluorophenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-
ol (6ne): According to the general procedure of Petasis-type allylation reactions for
the synthesis of racemic homoallylamines, the title compound
@‘OH was obtained in 95% yield as a brown oil, Rf = 0.38 (PE/DCM =
1:1), dr > 20:1, [a]p® = 30.3 (¢ = 0.3, CHCl;). 'H NMR (500
MHz, CDCl;) 6 7.39 (t, J = 7.5 Hz, 1H), 7.28 - 7.24 (m, 1H),
7.19 - 7.14 (m, 4H), 7.10 - 7.03 (m, 2H), 5.83 - 5.75 (m, 1H),
E 5.11 - 5.05 (m, 2H), 4.42 - 4.40 (m, 1H), 4.07 (t, /= 7.0 Hz, 1H),
3.96 (d, J = 5.0 Hz, 1H), 3.00 - 2.91 (m, 2H), 2.66 - 2.52 (m,
2H);'3C NMR (126 MHz, CDCl3) 6 162.2, 160.3, 142.0, 141.2, 134.8, 130.1, 130.0,
129.1 - 128.7 (m), 128.0, 126.7, 125.6, 124.4 (d, J = 3.4 Hz), 1234, 117.9, 116.0,
115.8, 70.5, 63.7, 56.6, 41.1, 39.8; '°F NMR (471 MHz, CDCl;) 6 -119.0 (s, 1F); IR
(KBr): 3334, 2912, 1640, 1584, 1483, 1218, 1051, 917, 826, 752 cm™!; HRMS calcd.
for [M+H]": 298.1602, found: 298.1602.

NH

/

(18,2R)-1-(((S)-1-(2-methoxyphenyl)but-3-en-1-yl)amino)-2,3-dihydro-1H-inden-
2-0l (60e): According to the general procedure of Petasis-type allylation reactions for
the synthesis of racemic homoallylamines, the title compound
OH was obtained in 86% yield as a brown oil, Rf = 0.38 (PE/DCM =
\H 1:1), dr > 20:1, [a]p?® = 26.3 (¢ = 0.3, CHCl;). '"H NMR (500
MHz, CDCl;) 8 7.27 - 7.24 (m, 2H), 7.17 - 7.11 (m, 3H), 6.97 -

d\/\ 6.91 (m, 3H), 5.84 - 5.76 (m, 1H), 5.08 - 5.00 (m, 2H), 4.37 -
OMe 4.35 (m, 1H), 3.97 - 3.94 (m, 2H), 3.88 (s, 3H), 3.00 - 2.91 (m,

S10



2H), 2.67 - 2.55 (m, 2H); 3C NMR (126 MHz, CDCl3) § 157.6, 142.5, 141.4, 136.0,
130.7, 129.0, 128.4, 127.8, 126.5, 125.5, 123.4, 120.7, 117.0, 111.0, 70.2, 63.7, 59.1,
55.2, 40.4, 39.8; IR (KBr): 3365, 2910, 1639, 1462, 1239, 1051, 915, 820, 642 cm’';
HRMS calcd. for [M+H]*: 310.1801, found: 310.1802.

(18,2R)-1-(((S)-1-(naphthalen-1-yl)but-3-en-1-yl)amino)-2,3-dihydro-1 H-inden-2-
ol (6pe): According to the general procedure of Petasis-type allylation reactions for

the synthesis of racemic homoallylamines, the title compound
@‘OH was obtained in 93% yield as a brown oil, Rf = 0.39 (PE/DCM =
X

1:1), dr > 20:1, [a]p2 = 61.3 (c = 0.3, CHCl;). 'H NMR (500

' MHz, CDCls) § 7.92 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 7.5 Hz, 2H),
O 7.82 (s, 1H), 7.60 - 7.58 (m, 1H), 7.54 - 7.48 (m, 2H), 7.21 - 7.17
O (m, 4H), 7.12 (d, J = 7.0 Hz, 1H), 5.88 - 5.79 (m, 1H), 5.17 -

5.08 (m, 2H),4.47 - 4.46 (m, 1H), 4.06 - 4.03 (m, 2H), 3.02 -
2.94 (m, 2H), 2.70 - 2.60 (m, 2H). 3C NMR (126 MHz, CDCl;)
0 142.3, 141.0, 140.7, 135.0, 133.4, 133.0, 128.7, 128.0, 127.78 (d, J = 3.5 Hz), 126.7,
126.3 (d, J = 3.4 Hz), 125.9, 125.5, 124.5, 123.6, 117.9, 70.8, 63.6, 61.6, 42.6, 39.8;
IR (KBr): 3339, 2909, 1633, 1434, 1264, 1160, 1051, 915, 821, 720 cm''; HRMS
calcd. for [M+H]*: 330.1852, found: 330.1852.

(1S5,2R)-1-(((S)-1-(6-methoxypyridin-3-yl)but-3-en-1-yl)amino)-2,3-dihydro-1H-
inden-2-0l (6qe): According to the general procedure of Petasis-type allylation
reactions for the synthesis of racemic homoallylamines, the
@—OH title compound was obtained in 95% yield as a brown oil,
Rf = 0.36 (PE/DCM = 1:1), dr > 20:1, [a]p® =24.0 (c =
INH 0.3, CHCL;). 'H NMR (500 MHz, CDCl;) 5 8.14 (d, J = 2.0
X X| Hz 1H), 7.66 (dd, J=8.5,2.0 Hz, 1H), 7.20 - 7.16 (m, 3H),
7.11 (d, J = 6.5 Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H), 5.80 -
5.71 (m, 1H), 5.12 - 5.06 (m, 2H), 4.43 - 441 (m, 1H),
3.97 -3.94 (m, 4H), 3.86 (t, /= 7.0 Hz, 1H), 3.00 - 2.92 (m, 2H), 2.57 - 2.45 (m, 2H);
BC NMR (126 MHz, CDCl;) 5 163.8, 145.8, 142.2, 140.8, 137.1, 134.5, 131.3, 128.0,
126.8, 125.5, 123.7, 118.2, 111.2, 70.9, 63.5, 58.3, 53.5, 42.5, 39.8; IR (KBr): 3330,

2906, 1606, 1395, 1161, 1025, 914, 831, 740 cm’!; HRMS caled. for [M+H]*:
311.1753, found: 311.1754.

~
HsCO~ N

(18,2R)-1-(((S)-1-cyclohexylbut-3-en-1-yl)amino)-2,3-dihydro-1H-inden-2-ol (6re) :
According to the general procedure of Petasis-type allylation reactions for the

synthesis of racemic homoallylamines, the title compound was
@—OH obtained in 92 % yield as a brown oil, Rf = 0.38 (PE/DCM =
NH

1:1), dr > 20:1, [a]p® = 14.7 (c = 0.3, CHCl;). 'H NMR (500

MHz, CDCls) § 7.25 - 7.21 (m, 4H), 5.91 - 5.83 (m, 1H), 5.11 -
O)\/\ 5.03 (m, 2H), 4.33 - 4.30 (m, 1H), 4.16 (d, J = 5.0 Hz, 1H), 3.04
- 2.95 (m, 2H), 2.69 - 2.66 (m, 1H), 2.32 - 2.27 (m, 1H), 2.13 -

2.07 (m, 1H), 1.85 - 1.64 (m, 6H), 1.30 - 1.10 (m, 5H); '3C NMR (126 MHz, CDCl5)
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0 143.0, 141.4, 136.5, 128.0, 126.8, 125.7, 123.5, 117.1, 71.0, 64.9, 62.4, 41.0, 39.6,
36.5,29.4,28.5,26.7 (d,J=10.1 Hz). IR (KBr): 3382, 2852, 1638, 1449, 1264, 1054,
911, 746 cm™'; HRMS calcd. for [M+H]": 286.2166, found: 286.2165.

(18,2R)-1-(((R)-hept-1-en-4-yl)amino)-2,3-dihydro-1 H-inden-2-ol (6se): According

to the general procedure of Petasis-type allylation reactions for

@‘OH the synthesis of racemic homoallylamines, the title compound

was obtained in 86% yield as a brown oil, Rf = 0.40 (PE/DCM =

/\)\/\ 1:1) , dr > 20:1, [a]p® = 22.0 (¢ = 0.3, CHCI;3). '"H NMR (500

~ MHz, CDCl;) 6 7.24 - 7.20 (m, 4H), 5.90 - 5.82 (m, 1H), 5.13 -

5.09 (m, 2H), 4.33 - 4.31 (m, 1H), 4.17 (d, /= 5.5 Hz, 3H), 3.06 - 2.96 (m, 2H), 2.88 -

2.84 (m, 1H), 2.31 - 2.22 (m, 2H), 1.59 - 1.40 (m, 4H), 0.97 (t, J = 7.5 Hz, 3H); 13C

NMR (126 MHz, CDCls) 6 142.9, 141.4, 135.4, 128.0, 126.8, 125.7, 123.5, 117.5,

71.1, 64.3, 57.1, 39.6 (d, J = 13.6 Hz), 36.8, 19.2, 14.3; IR (KBr): 3042, 2957, 1640,

1458, 1264, 1049, 913, 700 cm!'; HRMS caled. for [M+H]": 246.1853, found:
246.1852.

(1S5,2R)-1-(((S)-2-methylhex-5-en-3-yl)amino)-2,3-dihydro-1H-inden-2-ol (6te):
According to the general procedure of Petasis-type allylation
©i?‘0"' reactions for the synthesis of racemic homoallylamines, the title
NH compound was obtained in 92% yield as a brown oil, Rf = 0.36
(PE/DCM = 1:1), dr > 20:1, [a]p?®> = 16.7 (¢ = 0.3, CHCl;). 'H
\H\/\ NMR (500 MHz, CDCLy) & 7.24 - 7.20 (m, 4H), 5.91 - 5.83 (m,
1H), 5.12 - 5.08 (m, 2H), 4.33 - 4.31 (m, 1H), 4.16 (d, J= 5.0 Hz,
1H), 3.04 - 2.96 (m, 2H), 2.71 - 2.68 (m, 1H), 2.29 - 2.24 (m, 1H), 2.12 - 2.02 (m, 2H),
1.01 (t, J = 6.0 Hz, 6H); 13C NMR (126 MHz, CDCl;) 6 142.9, 141.4, 136.4, 128.0,
126.8, 125.7, 123.5, 117.2, 71.0, 64.8, 62.7, 39.6, 35.9, 30.3, 18.6, 17.7; IR (KBr):

3200, 2982, 1644, 1435, 1153, 1022, 951, 744 cm!'; HRMS calcd. for [M+H]":
246.1852, found: 246.1854.

(18,2R)-1-(((R)-hexadec-1-en-4-yl)amino)-2,3-dihydro-1H-inden-2-ol (6ue):
According to the general procedure of Petasis-type allylation
OH reactions for the synthesis of racemic homoallylamines, the title
compound was obtained in 86% yield as a brown oil, Rf = 0.39
(PE/DCM = 1:1), dr > 20:1, [a]p?® = 15.5 (¢ = 0.3, CHCl;3). 'H
C12Has S| NMR (500 MHz, CDCl3) & 7.15 (s, 4H), 5.82 - 5.74 (m, 1H),
5.05-5.02 (m, 2H), 4.25 - 4.23 (m, 1H), 4.09 (d, /= 5.0 Hz, 1H), 2.98 - 2.89 (m, 2H),
2.79 - 2.74 (m, 1H), 2.24 - 2.12 (m, 2H), 1.52 - 1.46 (m, 1H), 1.21-1.19 (m, 20H),
0.81 (t, J= 6.8 Hz, 3H); '3C NMR (126 MHz, CDCls) & 141.9, 140.4, 134.4, 127.0,
125.7, 124.7, 122.4, 116.4, 70.0, 63.3, 56.2, 38.6, 38.4, 33.5, 30.9, 28.8, 28.7 - 28.6
(m), 28.3, 24.9, 21.7, 13.1; IR (KBr): 3410, 2922, 2853, 1640, 1437, 1407, 1024, 952,
744 cm'; HRMS calcd. for [M+H]*": 372.3261, found: 372.3261.

NH

(18,2R)-1-(((R)-1-phenylhex-5-en-3-yl)amino)-2,3-dihydro-1H-inden-2-ol (6ve):

S12



According to the general procedure of Petasis-type allylation
@‘OH reactions for the synthesis of racemic homoallylamines, the

N title compound was obtained in 90% yield as a brown oil, Rf

= 0.39 (PE/DCM = 1:1), dr > 20:1, [a]p® = 9.9 (¢ = 0.3,
S| CHCL). 'H NMR (500 MHz, CDCl3) § 7.23 - 7.11 (m, 10H),
5.84 - 5.76 (m, 1H), 5.08 - 5.05 (m, 2H), 4.23 - 4.20 (m, 1H),

4.08 (d, 5.5 Hz, 1H), 2.96 - 2.81 (m, 3H), 2.72 - 2.60 (m, 3H), 2.23 - 2.19 (m, 2H),
1.87 - 1.77 (m, 2H); 3C NMR (126 MHz, CDCl;) & 142.7, 141.8, 141.3, 135.2, 128.6,
128.3, 128.1, 126.8, 126.0, 125.7, 123.6, 117.8, 71.2, 64.1, 56.6, 39.6, 39.3, 36.3, 32.4;
IR (KBr): 3388, 2976, 2917, 1639, 1436, 1263, 1026, 1026, 951, 746 cm''; HRMS
calcd. for [M+H]": 308.2009, found: 308.2009.

References

[1] X. Li, X.-H. Liu, Y.-Z. Fu, L.-J. Wang, L. Zhou and X.-M. Feng, Chem. Eur. J.,
2008, 14, 4796-4798.

[2] K. Venkatanna and C. R. Ramanathan, Tetrahedron Lett., 2017, 58, 3650-3653.
[3] M. Sugiura, F. Robvieux and S. Kobayashi, Synlett, 2003, 1749-1751.

[4] G. Arena, N. Zill, J. Salvadori, N. Girard, A. Mann and M. Taddei, Org. Lett.,
2011, 13, 2294-2297.

S13



TH, BC, and '’F NMR spectra copies

F11uUvy
10000

9000

8000

£ 7000

6000

+ 5000

+4000

3000

2000

1000

€C8T
6€5°C
[43%4
L9S'T
£86'C—¢

|

-0.5

1.0 0.5 0.0

1.

2.5 2.

109°C
v19°C
6T9°C
wo'T

018°s
cege )
8LE9

cor9\
6759~
2959 /¢
6599
£99'9
6L9°9
2699

- Hel

FLLO
T80
Fer

L S0

P81

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

1 (ppm)

soT'L

ac-4ac

og1

oTTL]
veTL
9YTL ]
16T°L ]
LOE'L
TeeL
LyELq
z95°L

T,

H NMR (CDCl;, 500 MHz)

S S S S o
n S I S S
N Q - — 0 =3 o
| | | | | =
I
E Lo
=
=)
I3\
3 Fo
3 =]
<
[
=)
w
— ———]
=
L% m
o,
3 o
=)
Lo
=
Len ] VM\
Tt
= 1
— pa
B VAR
VICT
o°LTl 3 L®
2
CRTT
ot —
L [=]
1°9¢1 S L<
- O = —
SEPIN S| o
. < ~
LEpl ¥ s
—_ [&) N

o .r|\ G =
(@) pd Q
~

— X\ = =)

o E

M —

=

i o

F=

S14



30000

25000

20000

+ 15000
10000

5000

cIee
80S'C
€CS'T
9¢€6'C
1sS°C

ST~

0.0 —0.

0.5

[4:15r4
€65°C
019°C
129°C

LTEY
oﬁﬁ.m//
1€1°S
LST'S
091°S
cer's
ser's
LS
LSL'S
OLL'S
16L°C

-

H60

Fsoc

1 (ppm)

Ex.m\

§T8'S
109

00T

—16°0

919
1S9 7
£€95°9 \
€L9°9
TTI'L~

OH

rac-4bc

¥
60

Bos'1

FS6'1L

ONNFK\

ovTL

(X

Me

H NMR (CDCl3, 500 MHz)

~9TT

4500

+4000

3500
3000

+2500
200
+ 1500
+ 1000
500

-10

10

20

39

@0

Ter—

50

SLS—

70

80
ppm)

90

1

T'#I1

ITT

e

T8t

s'ict

\97]

130

T6Tt

I3 126 MHz

8VEl ~

QOH

T9tT

sogl
nﬁt.\

14Q

8'evl

1§10}

3C|NMR (CD

S15



F Louuy
17000

+ 16000
+ 15000

14000

13000

12000
11000

10000

9000
8000
7000
6000
+ 5000
+4000
3000
2000
1000

+—1000

€601
SETT
9Tl
6vT1
125°T |
LesT
055°T 1
5957
185°C 1
165°C |
£09°C
v19°T
0£9°C |
€79
858°Z
TL8T

9°C
9°C

0.0 —0.

0.5

+4000

3500
3000

+2500

2000
1500
1000
+500

-10

10

0vC —

Leg—

30

40|

006'C ;W

66T

&

50

6T

e
s |
£T1°S 1
TS|
£p1°S
vLTS
SLI'S |
%N.m;
TITS |

09L°S |
SLLS

18L°S 7
88L°S

S6L'S
608°S
SI8'S
£€T8°S
978"

¢

F60

I Foc

1 (ppm)

SLS —

60

70

80

90

£1 | (ppm)

Lo

1o

t
£v8's

€Er'9
mvv,c/
L9S°9

1859

7
i
el

OH

NH

rac-4cc

26L0
Byprn

=VL'1
081

{

acrdcc

K

TH/NMR (CDCl;, 500 MHz)

13C|NMR (CDCl3,|126 MHz)

S16



40000
38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

+ 12000

10000

8000
6000
+4000
2000

F—2000

<
<
©°
o
)
—

~
<+
~
w

=

=19C

Fooz

0.0 0.

0.5

1 (ppm)

OH

NH

rac-4gc

L

¥E8°0

80
180
80

MeOO

H NMR (CDCl;, 500 MHz)

(=} (=} (=3 o (=} (=} (=3 o (=} (=} (=3 o o (=} o

[l (=} j=3 o o (=} [=3 o j=l (=} [=3 o o (=} (=3 o

0 (=} [Ie} (=3 0 (=} n (=) 0 [=} le} (=] Te) (=} (=3 Te)

o~ o~ © © [Ie} Ie} ~ A ™ e} [a\] N — — n < |

) | | | | | | | | | | | | | | . o
L

|

Lo

o

e

(=]

=

)

o]

=)

6T — =

o

TS — -

SLS— -— o
)
=}
O E
o o

B
o ~
LR C
(=}
[ =
[=
=
/g — 2
— - -/ 1S
2z — S
!
S =
T T 8| e = =)
o z S [ | 2
- =
2] —
N 7 K x =)
— _ e L=
M =
= —
Ql =
o o
Pert — IR e
=
(=}
=

vL91 — — o
L~
-

S17



34000
32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

+8000

6000

+4000

+2000

+—2000

weT
125721
LES'T
0SS'CH
S95°CTH
185°C
165°C
£09°C
S19°TN
9T
£€9°C
9TEY
0€1°S 7
[4AN
1S1°
AN
owﬁmAH

€81°s
YITSH
L1TS
19L°6
9LL'S A
18L°6
68L°S |
S6L'S
018°s
SI8°S
£28's

——

=98'C

Tore

He6o

bore

==F 90|

1 (ppm)

3800

3600

3400

+3200

3000

2800

2600

2400

+2200

2000

+ 1800

1600

1400

1200

+ 1000

800

600

400

200

=200

-10

91T —

Ty —

8LS —

£l (ppm)

110

o@&
vh8's
L1¥9
149 A
0Ls9~"
6997
£P0°L~\
850°L 7,
6ST°L
YLI'L
681°L
L61°L
[t
LTTL

OH

NH

rac-4hc

Me

H NMR (CDCl3, 500 MHz)

£98°0
Fosz

860
F Fooe

0

B0

rac-4he

Me

13C NMR (CDCl3, 126(MHZ]

T
150

T
160

0

1

S18



21000
20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000
+4000
3000
2000
1000

+—1000

0.0

0.5

+4500

+4000

+3500

3000
+2500

2000

F 1500

1000

500

-10

10

20

©
I
~
v

—

i

Fee1

1 (ppm)

30

4P

0ty —

0°LS —

70

30

po

11 (ppm

100

©
I
» A
©
_
——

OH

NH

rac-4lc

CN

H NMR (CDCl3, 500 MHz)

—_
| 30

FLeo
€80
8°0

18°0

S0

11

120

¢

I Hv

I3, 126 MHz)

L

13(

rac-4jc

CN

afa:

14

M3C|NMR (GD

150

160

170

S19



F 21000
20000

19000

18000

+ 17000

16000

+ 15000

14000

+ 13000

12000

11000

10000

9000

8000

£ 7000

6000

5000

4000

3000

2000

1000
0

F—1000

8¥S'C

0.0 —0.

0.5

1500

1400

F 1300

+ 1200

1100

1000

900

+800

+700

600

500

400
300
+200
+ 100

-10

et

6617

€y —

€LS°T
86T
L6S'T
v19°C
§T9°C

e

1 (ppm)

9°LS —

(pgm)

OH

NH

rac-4mc

H NMR (CDCl3, 500 MHz)

-

Fooe

110

T
120

C

B

QH

NH

rag-4m

13C INMR (CDCl}, [126 MHz)

S20



F 1OUUY
+ 15000

14000

13000
12000
11000
10000
9000

8000

+ 7000

6000

+ 5000

+4000

3000

+2000
1000
F—1000

695°C
85T
865°C
c19c

o

0.0 -0

0.5

THTE
§S9°C
L99°C
089°C
$69'C
80L°C

whﬂmyz

\IHJN 260

1 (ppm)

-4nc

{

A
L

-— 660

FS8°0

\MMMU P80

=Y

ra

I I /
Q Z L

4
\IJJ =TT

DCl;,|500MHz)

~
9

6t

—

OX&

TH NMR (

Vo

2000
9

+ 1800

1700

+ 1600

+ 1500

1400

£ 1300

+ 1200

1100

1000

900

800

+700

600

500

+400

300

200
100

=100

-10

SN WRRARI B A —y

€ ly—

€1e—

o)

£1 | (ppm)

it

9

100

11qQ

120

0

1

140

A~

NS

L50

'3C|NMR (¢DCl3, 126/MHz)

G

1ot

170

S21



+3000

+2500

2000

+ 1500

1000

+500

40000

35000

30000

25000

20000

15000

10000

+5000

—25Q

—-200

8St'C
LLY'T
16%¥°C
90§°C

0.0

0.5

€ESE

—150

00Tt

1| (ppm

—-50

08SC
06S°C
°09°C
619°C
0€9°C

Fro1

Fsiz

1 (ppm)

S22

J Foo'1

-= H80

rac-4oc

=== }56'C

= F96°0

OH
g
F
NMR| (CDCls, 471 MHz)
OH
NH
Me

ne
%
IS
~

"H NMR (CDCl3, 500 MHz)




+4500

+4000

3500

3000

+2500

2000

1500

1000

500

-10

50000

+45000

40000

35000

30000

25000

20000

15000

10000

5000

col—

VIV

8°¢C—

pm)

1

1

~
L

120

0

1

rac-40

0

L

15

3¢ NMR (GDCl3} 126/ MHz)

160

170

OH

NH

OMe

rac-4pc

H NMR (CDCl3, 500 MHz)

e

A Al

= 7001

1 (ppm)

S23



k4500

+4000
3500
3000
+2500
2000
+ 1500
1000
500

-10

2Q

)
A
|

s —
¥'SS —

50

60

80
(ppm)

SOI1
Nw__/

9 ——7

110

8LTT~L

120

0Tt

v Ict

TS
Q —\

130

601
vser

OH

NH

NN

OMe
racj4pc

09¢T

140

vyl —

8961 —

150

13C NMR (CDCl3, 126 MHz)

160

170

F 1zZ00u
11000

10000
9000
+8000
7000
6000
5000
+4000
3000
+2000
1000

+—1000

wor'T
8LY'C
194
90s°C
s T —
€69°C ¢
€0L'T
SIL'T
ceL'e
€VL'T

1L8'%
woﬁh\/
S8I°S

LI1T'S
STt
96L°S
0€8°S
r¥8'S
8L8'S~\E
09T'9
¢hN©HV
€569
§9¢9

259

N

(e

7

<

Fe60
Feot

HT1

| Fote

5870

v06'0

TSLL

o/
#6712
)

oLT'L

rac-4qc

T

61

N—h\

yho'l

€OTL

960

LY L

oLeL]
06¢°L
oev'L]
€evL ]
£vpL
8L

H NMR (CDCls, 500 MHz)

0.0 0.

0.5

S24

1 (ppm)




Faiuy

2000
1900

+ 1800

1700
+ 1600

+ 1500
1400

+ 1300
1200

1100

+ 1000

900

800

F700

600

+500

400
300
+200
100

-10

16000
+ 15000
14000
+ 13000
12000
11000
10000
9000
8000

7000

+ 6000

5000

+4000

3000

2000
1000

+—1000

T
20

8°0¥ —

50

T9€°T
8LET
16€°T 1
80v'C
STH'T Y
9T
1897
889°C
10L°T
o1z

—

Fe60

Ot

—0.

0.5 0.0

0

70

Do

£l (pjpm)

QN__/

I'vll

Th__//
T

A\

110

L1TI
Tl

T
129

1'RT1 </

T
134

0cL'c

ST8'Y
6€8'7 1
081°¢ 1
S81°1
0TS
€€TS
SETS
L9T'S
69T°S
8€8°6
L98°S
TLY'S
L88'S
£68°S

_Nm.m%
hmm.og
TLE9
SES9
0SS°9
mcﬁo)r
S¥9°9 4

T T p—

Frot

=880

060

1 (ppm)

L6CT

0999\

ract4qc]

13, 126/ MHz,

9

T
140

0

1

B INMR (CD

rag-4rc

9L9°9 -]
;c.c\
91€L
1€€L
7

oveL
LSY'L
TLY'L

L8Y'L
6L9°L
S69°L
Ll
LEL'L

OH
NH
CF3
H NMR (CDCl;, 500 MHz)

H
TI8T

S25



143.4
1356
Z 1344
~ 1324
_127.4
1271
126.2
L 126.1
1258
L 123.7
1.6
118.6
L117.7
Pt
L113.1
3

® D L 5000

L 126.2
L 126.1

+4500

OH
::[ L 4000

3500

::[ M
C 3000

¢ NMR (CDCl3, [126 MHz) 2500

2000
+ 1500
1000

| |
\ 500

L =500

If1 | (gpp

r 1uuuu

-58.3

15000

14000

OH t 13000

L 12000
NH
L 11000
X
L 10000
CF3

rac-4rc t 9000

19F NMR (CDCl3, 471 MHz) L 8000

+ 7000
6000
+ 5000
+4000
3000
+2000

1000

F—1000

T T T T T T T T
-15 —25 =135 —45 —55 —65 =75 -85 -95 —105 -115 -125 -135

1 (ppm)

S26



oSNNIV O—~OQXown —~0O OO <+ © O o 0
ISR RS2 R ERmmdaR San 258
FRR g diecccmubmamnvms <<« IR [
e e | A ~Ne=—"" ~— ~— k22000
C]\ [ 20000
A NH [ 18000
C AN [ 16000
_ L
QH [ 14000
rac-4sg
H NMR |(CDCl4, 500 MHz) [ 12000
[ 10000
[ 8000
[ 6000
[ 4000
(! 1 [
‘ " ‘ ‘ [ 2000
I
Wl \L\ ‘ A i o
J 3 1 1 i
! < < ™~
= o — - +—2000
8.0 7.5 .5 6.0/ 55 50 4.5 4.0 3.5 3.0 2.5 20 1.5 1|0 0.5 0.0 -0.5
f1 (ppm)
2000
7T RRRRNNGGEES i 7
11000
©\ 10000
NH 9000
A 18000
OH
rac-4sg L
13C NMR (CDCl3, 126 MHz) L6000
5000
F4000
3000
U £2000
’ ’ i F1000
| '
F—1000
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S27



F 17000

+ 16000

15000

14000

13000

12000

11000

10000

9000

+8000

+ 7000

6000

5000

4000

3000

2000

1000

+—1000

g -

86

0.0 —0.

0.5

1 (ppm)

5000

+4500

+4000

3500

3000

2500

2000

+ 1500

1000

500

=500

-10

Toee—

50

50

pHm)

f1

€901

ﬁo__\/

110

.<__/
cSH

4

TIIT~C
€611
€1et

rac-4tc

el —

3] 126 MHz

OH

NH

X

\

)

H NMR (CDCl3, 500 MHz)

StT

11

(VM E72

OSPT—

NMR|(

~
b

e —

ﬂ(

S28



18000
17000

16000

15000

14000

13000

12000
11000
10000

9000

+8000

+ 7000

6000

+ 5000

+4000
3000
2000
1000

F—1000

0.5 0.0 -—O.

0

2800

2600

2400

F2200

2000

+ 1800

1600

1400

1200

1000

800

600

400

+200

=200

-10

I
%
b
<

Foo'1

30

il —

40

50

©
=
“a
©
—

i)
N
)

rac-4uc

N
A
=

.60

HOT

Hot

Foo'1

/880
Jo8°0
268°0

80

1 (ppm)

068 —

70

m)

90

1

140

H NMR (CDClj, 500 MHz)

13C NMR (CDCl3/ 126 LIH 7

150

160

LY9T —

170

S29



o [=4 (=3 (=3 (=3 (=] o o (=4 (=3 (=3
(=} o o (=3 (=3 (=} (=} (=} o o (=3 (=} (=} (=} o
(=} o (= o (=3 (=} (=} (=} o o (=3 (=3 (=} (=} o
0 © < N (=] 0 © < N (=} (=3 (=3 =] o N
N N N N N — — — — — 0 © <t N fa: | 0
) ) ) ) ) | | | | | X ! ) | . ]
(=]
T
o
— o
[Te}
o
(=}
—
0
—
(=}
o
n
e .
1O T [3)]
(=}
o
0
o
- Fs6'0 0\%
4D.
£
o0
4uf
(=}
I
== Tt
[Ie}
Irsy
===="F00T [
/ o ® _ N
> | T === 1960
3|z o
E3 e w S _ 0L g
Q z—( <t “ - Ls60
5 - 167 | ©
o
7N/ 8 | o
o _ JL60
= _ E=— eI
— [+4 - — 0T o
= N0z [0
2 o~
T
- )

[=] [=] o o o o (=] o o o (=] (=] o (=] (=] (=]
[=] (=] (=] o (=] o (=] (=} (=] (=] [=] o (=] (=] (=] (=] (=]
[=} [Le] (=} n (=3 0 (=3 n [=} 0 (=} 0 o 0 (=] (=3 [le]
0 o~ o~ © © le] le] Ayl < 2] ™ N N — — 0 (= |
X | | | | | | ) ) | | | ) | | i \
o
L=
|
B el
o
F=
Qo
o
=
o
\0
Sov— -— <
(=]
o
865 — —
[=]
e
Q
Fr=
~
g
[=]
L8 &
=
Of
o
(=]
|-y
=
o
L=
-
o=
/ ¥ = ] Fre
& <
L L S [ =
(@) Z— < - =
iy £
5 —
7 N\ 7 8 —
= o
. 4 =
o ret — £ =
€hpl — 7 \| Z -
(=]
_/1® L2
=
o
L ©
=
=
-

S30



r110

r100

r90

80

F70

60

40

30

=10

2 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
> (=] o o o o o (=] o o o o (=] o o
> o o (=} o o (=} o o (=] (=] (=] (=] (=] (=}
9] © < N (=} <4} © < N (=} (=} (=3 =} (=] N
N N N N N — — — — — 0] © <t [N] [e
) ) ) ) ) | | | | | X ; ) ) .
0
S
|
o
— S
[le}
S
(=]
== T, -
= TS
nb I
_J ~
=
\N Tmmzm o
e Y060 [
= +85°€
mn
o
=380
B
mn
o
o &
<&
vo1°s 0 &
0zl's <
ver's
9€1's o
6€1°C 10
£ot
NS,m\
IS 0
mﬁ,m/ 0
wwmmw \ .m M == ool | o
T .
9L8°S o) M 3 ©
1999 o 0
oSAo/ S 6
TrL 9L z 3 e} w180
8519~ I z T Bes0 [ o
868°9 E T Beso -
€169 2 e
6269 0
~
o
0
[Ie)
0

81—

99T
w.umW
L9T
L'8T
8'8T

9'§€
m.cv\

09—

oz
8L~
6121~
0°STI~,

0TET~

SEEl-"
TIET

81—

HN

OH

Me

rac-4wh

13C NMR (CDCl;, 126 MHz)

160 150 140 130 120 110 100

170

80

90

f1 (ppm)

S31



32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

+8000

6000

4000

2000

F—2000

0.0 -0

0.5

860
=960

1 (ppm)

OH

6ae

H NMR (CDCl3, 500 MHz)

Foo'1

o =3 =3 o =3 =3 o o =3 =3 o =3 =3 o
S S S S S S S S S S S S S =3 S
<3 Irey o 0 =3 e} S 0 =3 res <] 0 =1 =3 0
~ © © 0 el < < 3] ™ N ] — — 0 I
| | | | | | | | | N | I I | .
=
L~
|
Lo
F=
=}
FQ
. =
8'6€ — F=
9Ty —
o
Fo
Lo
S19~ ©
cg —
LO0L—
~
3%
r®
o
-
=
o
=3
LS
o
RWAE Y =
Q" 1
L
~ —
I
- [ = o
£ © o
O © N —
~
T \, S
\</ = o 2
Id el a =
\ 7 o
\ 7/ p/— =
7\ N | 2 o
P (o]
C— 4
&
° o
| &
—
o
L~
=
=3
Lo

S32



30000
28000
26000
24000
22000
20000
+ 18000
16000
14000
+ 12000
10000
8000
6000
4000
2000

OH
6be

TH NMR (CDCls, 500 MHz)

Me

S33

o
(=] [=] o o (=] (=] o [=] (=] o (=] o [=] o o o o (=]
o (=] (=] o [=] (=} (=] (=] (=] (=] (=] o [=] (=} j=} (=] o (=] (=}
N 0 (=3 0 (=} Ie} (=} 0 (=] 0 (=) [fe) [=} [le} (=] n (=] (=} le]
< | 0 0 o~ o~ © © [Ie} n < < 2] e} N N — — [fe} |
L ow® ! L L R R L L . o
. =
HS ,
o
- s
n [=]
L =
o
o o
F o rc— o
J I °
| [
-
(=] . o
L= 86~ [ S
N oTF—
e | 0 2
Fove [
o (=]
=181 o TI9~ —_—] ©
1 o [
n o
Fos LoL— ™~
960 o2 =
=880 = o =
& S
=060 | ° T 5=
<
o s
B b =
== tcoc|\®
n
Fo 9LITY
== 140 SECT
- o .n_%
ro L9zl =
m.om_% T \ Q|
o x 2| = )
w© 6'LT1 o © | o ®
[<© +'6T1 T N -
1ser— z K
e et g S
4 J€60 [ rort 7 o -
ixld :E\ @
. — o
N0 L] PTrl — m n
L 9
~
2 o
° 3
- g
0 =
- 5
i




F 4000V
38000

36000
34000
32000

30000
28000
26000

24000

22000

20000
18000
16000
14000
12000
10000
8000
6000
+4000
2000

2000

wr'e
9ULY'T
06¥°C
°0s'C
91§°C

F60"

9000

8000

+ 7000

6000

5000

+4000
3000
2000
1000

-10

86 —
L'y —

S e
4494
6¥6'C

€eg—

§S6'C

81

6°09 ~\_

$E9~

LOL—

OH

6ce

MeO

H NMR (CDClj;, 500 MHz)

Het

Foo't

/£0°T
=60
™8T
e

1 (ppm)

pm)

0

i1

HLT
HHH

100

Lo

9LITAL
mumm_//

$'¢z1

6ce

L9921

1

6°LCT

08¢t
TSET~
cge1 /.

DCl34 126 MHz)

bl ~
verr

i
N

13C NMR (|

S34



+25000

20000

+ 15000

10000

5000

B —

Feez

560

0.5 0.0 -0.

0

8000
+ 7500

+ 7000

6500

6000
+ 5500

+ 5000
+4500

4000

3500

3000

+2500

2000

+ 1500

1000

+500
=500

-10

10

LTy —

50

L09 —
$€9—

X

6de

296°0

FL6°0

Hozc

Foo't

1 (ppm)

8°0L—

p:

v'SIl
cw_—%

0 8TTA\"

97eCT
ISlval

s

L9T1~\

0821 T
me_\

8TT

F

H NMR (CDCl3, 500 MHz)

I CAP
Bre
0

L'yel
6 f\

ﬁ
ocv_\

[444!

1191 ~

13CNMR [(CDCl;, 126 MHz)

€9t

S35



o o o o o o o < o o o o o o <o o o
o o o o O o o o o o o o o o o o o o o o O
e © T AN O 0L TN O 0O TN OO OO O & =r
M M 0N N N AN N NN NN e e = = 00 O TN o |
i piERiy Yy SRR pib st B TR e TRt P B e T Tl P B W T B ) B
Telr-—
F
[)

I T = L

O © | -

~

T <
z g r

o

a
o L

14

=
H L

=i

-40 -60 -80 -100 -120 =140 -160 -180 -200 -220
f1 (ppm)

-20

0

+22000

20000

18000

+ 16000

14000

12000

10000

+8000

6000

+4000
2000

F—2000

Fee

Hi1e

OH

6ee

Cl

H NMR (CDCl3, 500 MHz)

1

|

B}

__ﬂg_;_ J_J\Lﬂ Ay

HH
o

&£
S

Froc

#v6°0
e

Rog:

1 (ppm)

S36



9000

+8000
7000

6000

+ 5000

4000

3000

2000

1000

-10

17000
+ 16000

+ 15000

14000

13000

12000

11000

10000

9000

8000

+ 7000

6000

5000

4000
3000
2000
1000

+—1000

10

20

Be—=

9TY

50

0s¥'T
€9r'C
8LY'C
16v'C
60S°C
vescr
Nmmdk\
296'C

e

0.5

L09~
$€9—

6 0L —

80

£l | (ppm)

10

T'811

9¢z1ql

Wmm_e

89T

120

0'8T1
¥'8T1 A

6ee

8'8C1

130

eel

DCl3, 126 MHz)

C

t

L4

6 07T
021

NMR (!

el

1

60

170

896'C

6€8°¢
(43 83
998°¢

TS6'E~
296°€
100
80Vt
Ata%
YTry
1L0°S
ooo.mW
1crs
SiL's
0gL’s
osLsf
voL'S
¥8L'S
86L°S

€IrL
scI'L
vLU'L
v81°L
mmﬁhx

LOT'L
L8T'L
Y0€'L
S0S°L
wsL

OH

6fe

Br
H NMR (CDCl3, 500 MHz)

R Yor s

Floc

Foo'1

Z¥6°0

66
Y60z
A6

1 (ppm)

S37



F 16000
+ 15000

14000
13000

12000
11000

10000

9000

+—1000

8000
£ 7000
6000
+ 5000
+4000
3000
2000
+ 1000

-10

55000
+ 50000
+45000

40000
35000

30000

25000
20000
+ 15000
10000
+ 5000

L=5000

86 —

9Ty —

209 —

9'€9 —

6'0L—

11 (ppm)

9'etl

I'ST1
_._N—%

110

120

54
ERTARNS
0'8T1 -7
8821

ERtat )
9pel

8'0v1 7F
N,NE\

9Tyl

OH

6fe

Br

13C NMR (CDCl3, 126 MHz)

160 150 140 130

170

OH

6ge

MeOOC

H NMR (CDClj, 500 MHz)

ez

—IP0T

Fees

— Fve'l

Foo'1

F $<6°0
6T
66'1

0.0 -0.5

0.5

1 (ppm)

S38



+ 6500

6000

5500

+ 5000

+4500

+4000

3500

3000

+2500

2000

+ 1500

1000

+500

=500

-10

40000

35000

30000

25000

20000

15000

10000
+5000
0

+—5000

8'6¢ —

STV —

1'cs —

'9~
9'€9—

6'0L—

70

80

i1 (ppm)

rev'C
60S°C
cese
1€6°C
SYS'T—r
wm@m\y

1L6C

0.5 0.0

0

1.

10T

4
1 (ppm)

o'l

40 0

110

T8Il
Qmm_/
secl

T
120

9Tt

|4
08Tl
'6Cl
0'0¢€l
ryel

=

CDCl;, 126 MHz)

T
13

T
140

OF T

9

Fevt

6871

150

MeDO!

3¢ N

8901 —

OH

6he

FsC

"H NMR (CDCl3, 500 MHz)

F00°1

16T [ 1o
SHOT F
0T

S39



09 i Oy \D =1 ¥ 00 = \D A\ N0 AD) wg
CYSTR38R885858,8 = e o
~~~~~~~~~~~~~~~~ ~ O O = 9000
S B SV I Vi
8000
OH
F7000
NH
N L6000
FsC 6he
13C NMR (CDClj;, 126 MHz) F5000
4000
F3000
1 2000
]
F1000
| I
J | . ) L0
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10
f1 (ppm)
<
g
| F 45000
CE?_OH L 10000
NH t 35000
X
FsC 6he L 30000
19F NMR (CDClj, 471 MHz)
t 25000
t 20000
k15000
t 10000
L 5000
— 0
2‘0 b 7‘20 7‘/10 7‘60 7‘80 71‘00 71‘20 71‘/10 71‘60 71‘80 72‘00 72‘20
f1 (ppm)

S40



+45000

40000

35000

30000

+25000

20000

15000

10000

5000

FL6'T

€0y
F66°0

6ie

Fioc

Foo't

i1 (ppm)

OMe

H NMR (CDCl3, 500 MHz)

L6500
6000

5500

5000

+4500

+4000

3500

3000

+2500

2000

F 1500

+ 1000

500

500

-10

876€ —

9z —

Tee—

19

$E9~

LOL—

1 (ppm)

T
11

0

1

6ie

AN A

(i

| X
=
OMe

IC NMR (CDClj, 126/ MHZ|

6651 —

170

S41



36000
34000

32000

30000
28000
26000
24000
22000
20000

+ 18000

+ 16000

14000

12000

10000

8000

6000

4000
2000

F—2000

-——1 Bt

T
—0.

0.0

0.5

/

30T

01
B20'1

I F1o0'c

Foo't

k¢QO
6'C

1 (ppm)

- )mw N
oo

TH|NMR (GDCl3, 500 MHz)

860

F YuUuU
+8500

+8000

+ 7500

7000
6500
+ 6000
+5500
+ 5000
4500

4000
3500
3000
2500
2000
F 1500
1000
500

=500

-10

8°6€ —

Zb

9'€9—

6'0L—

ppm)

11

T
1ao

T8II

T
L1

6°CCI

LeTl

[SiNAl

20

9'sziL

8791 —
0°'8C1

o\
Gje

T
130

+

€ocl
991 J

40|

Svel

cort I
1'zpl

S s

150

|4

13C/NMR (CDCls| 126 MHz

T
160

T
17

S42



30000

28000

26000

24000

22000
20000
18000
+ 16000
+ 14000
+ 12000
10000
8000
6000
+4000
2000
F—2000

FC6'1

——= I

=== 10T

===| 100’1

6ke

01
~ ¥L6'C

0’1
= 0°1

1 (ppm)

GF3
H NMR (CDCl3;, 500 MHz)

o

6000

5500

+ 5000

4500

4000

3500

3000

+2500

2000

1500

1000

500

=500

-10

1o

20

8°6€ —

QT —

609 ~—

600

70|

@
I

80

pm)

90|

1009

P
<
a
_

=

120

%
a
N
=

130

14D

NMR (CDCl3,| 126 MHZ,

A
bl

13¢

170

S43



F 9oUVL
50000
+45000
40000
35000
30000
25000
20000
+ 15000
10000
5000
L—-5000
38000
36000
34000
32000
30000
28000
26000
24000
22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
F—2000

-200 —220

-180

9P'T
LLY'T
L 105°C 1
915°T 1
916'C
026'C 1

|

—-160

€56'T

0.0 -0

0.5

-140
H
q
dq
o

166°C

-120
=3
<N
*
-

3 996°¢ 960
Mot

T
—100
f1 (ppm)
—
v <
A
< <
——

T
-80

ISBvES]
S ® ®
1= Qe
wvon o

——— 100'C

10L m//
9°C9-— ] SEL' SN s 001

-60

T

—40
°
=3
Q
~

OH
6ke
S
OH
6le

F68°€
L6°0
| 160

S44

1 (ppm)

N

—j 860

~
L

CF3

96°0

O
|
C

Lo L8S'L

19F NMR (CDCls, 471 MHz)
—20
2
wy
~
NH
"H NMR (CDCl3, 500 MHz)




8000

+ 7500

7000

+6500
6000
+5500
5000
+4500

4000

3500

3000

+2500

2000
+ 1500
+ 1000
500

=500

-10

40000

35000
30000
+25000

20000

+ 15000
10000

+5000

LG

20

30

6°6€ —

8T —

§09—

60

L'€9—

70

m)

80

fi1

11

4 FII°¢

—=== k0

1 (ppm)

130

6le

== 00T

X

=

E‘i
CN

13C NMR [(CDClj,| 126 MHZ]

T
160

170

moTh\
8LY'L
609°L
vTo'L
196°L
9L6’L
60°8

COOMe 6me
H NMR (CDCl;, 500 MHz)

S45



6000

5500

5000
+4500

+4000
3500

3000

2500

2000

+ 1500

1000

500

=500

-10

19000
18000
+ 17000

+ 16000

+ 15000
14000

13000

12000

11000

10000

9000

8000

7000

6000

+ 5000
+4000
3000
2000
1000

+—1000

10

30

=

40

0.0 —0.

0.5

70

80

£1 (ppm

| 2801

L0°1
Z10°1

00

11 (ppm)

1o

6me

120

13

NH

DClg, 126 MHz)

b

14Q

6ne

I o

j/'\w

COOMe

Ly

3¢ NMR (¢

160

0°L9T —

170

H NMR (CDGl3, 500 MHz)

Foo't

S46



N oenfle 0+ PP e © Nt ¢ <+ o O
Nolads S dle ble d B b g ¥ o < 8 n s e ~®
o Ol |H o0 hen NN [ o N A= = (=3 [32) o -
o=l = == === =A== = ~ © v <
v/ el ——— LT / - 5000
Il L 4500
| I =OH
M L 1000
NH
’!\\v//A\ L 3500
F | 6ne L 3000
C NMR (GDCl;,|126 MHz)
L 2500
L 2000
L 1500
L 1000
L 500
" I Lo
500
T T T T T T T T T T T T T T T T T
150/ | 140 130 |120| f110 14 90 | [sol| 7ol| 60 | 5d| |40 ||30]| |20 | 10 0o -10
1 |(ppn
(=]
)
| L 2500
X
| =OH
T~
L 2000
NH
F | 6ne
L 1500
NMR (CDCl;} 471 Miiz)
L 1000
I 500
o
: : : : : : : : : :
-20 -0 -60 -80 —1oo -1pp -140 F160 ~180 +200 -220
1 [(ppm

S47



F 55000

50000

45000

40000

35000

30000

25000

20000

+ 15000

10000

5000

L=5000

S -

Feee

/68T
861

660

Feoz

0.0 -0

0.5

1 (ppm)

OH

OMe 60e

H NMR (CDCl3, 500 MHz)

96T
P20°€
=1t

F oy
+ 7000

6500

6000
+5500

+ 5000

+4500

4000

3500

3000

+2500

2000

F 1500

1000

500

500

-10

50

gl

qQ

6
L'€9 "

1| (ppm)

0

1

T
120

T
13

DOCl;, 126 MHz)

C

T
L4

150

9'LST —

13C NMR

0

1

T
170

S48



+ 13000

12000

11000

10000

9000
+8000

7000

6000

5000

+4000

3000
2000
1000

+—1000

009°C
0¥9'C
vs9'C

e

0.0 0.

0.5

LB ¢~
mm@m/y
696'C
8L6'C
886'C
120°¢
reo'y
LYO'v
LSOV
790t
SSY'y
chww
VLV

80°S
moﬁmuw

1 (ppm)

FEIS
891°S
YoL'S
omw.mV
?x.m\
9L8°S
L
€L
891°L
00T°L
60zL
O/l

WMQO
-

moﬁhk

DCIj, 500 MHz)

kNQN

‘/\

INA

ey

Zcot

[V6'0

v8'L
198°L
9L8'L
6L
6C6°L

Jdl..”

TH NMR (

===
)@c;

F(ouyu
£ 7000

+ 6500

6000
+5500

+ 5000
+4500

4000

3500

3000

+2500

2000

+ 1500

1000

500

=500

-10

6t —
9Ty —

50

854

959

8°0L—

1 (gpm)

6°LT1
Q€71

SHCI

Tt

6SCT
€9¢1

120

€9T1 A

8/C1

8,217

1

08CT

9T

0€€t

P eet

IS

Lot

0PI
J

Pz 2%
#+

3C NMR| (CDPCls, [126|MHz)

S49



50000

45000

40000
35000
30000

+25000

20000

+ 15000

10000

+ 5000

=I1c

#£0'1
Ny

0.0

0.5

F10°1

o001

1 (ppm)

X
e

OG-

NH

)
HsCQ™ "N 6q

H NMR (CDCl3, 500 MHz)

[=] (=] [=] (=] o (=] o o o o (=]
(=] o (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
0 (=] 0 o 0 (= 0 (=] 0 (=] (=} 0
n le] Al <+ ™ 2] N N — — [Ie} |
: , . . . : . . . . : Lo
L2
|
Lo
F=
(=}
o
o
| miar)
8'6¢ ~ =
STy —
(=}
rw
ses”
O — (=]
€85 ]
\O
6'0L— ~
[=]
. =)
© 5
B
S
2
L=
4
(=]
LN
S
T 4 g ¥
7 °l3 3
1z g rZ
3
- 7N\ | @ E——— o
\ =| a L<
— — o 3
o=
Qf o =
> &
2l
L ©
£
8°€91 —
L=
=

S50



28000

26000

24000
22000
20000

18000

+ 16000

14000

12000

+ 10000

8000

6000

+4000

2000

+—2000

POI'T
18171

0.0 —0.

0.5

6000

+5500

5000
4500

4000
3500

3000

2500

2000

+ 1500

1000

+500

=500

-10

=20°1
=00'T

1 (ppm)

9T
L9T
$'8T—~

V6C

TO¢

9'6¢

o1

¥'79 7

m)

£l

isas

OH

6re

TH NMR (CDCl3, 500 MHz)

00T

LTI~

A

8°9T1 ~

VA

O 8Tt

Sog1 —
[AtA0N
oyl —

6r

X
=
NH

AC|NMR|(CDCl3, 126 MHz)

170

S51



40000
35000
30000
+25000

F7500

r7000

—-0.

0.0

0.5

OH
6se

(=4 =3 (=3
(=3 o o o
=3 =] (=3 =3
(=] 0 = =4
N — — 0 g
s s s ,
5
— =]
—
==
R 3
—===ToTC |
N ——]
e |
=
N
I
=
=3
(=3
n
5
(%]
a
o I
14
=
=z
S

1 (ppm)

sxl—
61—

89€~
$'6E
9'6¢

I'is—
€F9—

Cit—

SLI~
SETl

EN_,/z
§9Z1~~
08z1/
psEr—
L4148\
6THI~

r6500
r6000
r5500
r5000
r4500
F4000
F3500
r3000
r2500
F2000
r1500
r1000
r500

=500

-10

10

20

30

40

50

60

70

90 80
f1 (ppm)
S52

100

110

120

OH

6se
130

140

150

13C NMR (CDCl;, 126 MHz)

160

170




26000

24000

22000

20000

+ 18000

16000

14000
+ 12000
10000
8000
6000
4000
2000

F—2000

0.5 0.0 -0

0

8500
+8000

+ 7500

7000

6500

6000

5500

+5000

+4500

+4000

3500

3000

2500

2000

F 1500

1000

500

+—500

-10

10

LLT~
gy

30

coe L

6'SE~

96E~

1Q

50

01

LT
@vox\

60

o

80

OH

NH

6te

H NMR (CDCl;, 500 MHz)

-
SO0T

Foe

1 (ppm)

90

£1| (ppm|

0o

110

TLIT~
sect

120

STt

Oz
8-9¢t

08zl

voel —

6te

130

FRETS

6Tl —

|

140

13C NMR (CDCl3, 126 MHz)

15

160

S53



8000
+ 7500
+ 7000
6500
6000
+5500
5000
4500
+4000
3500
3000
+2500
2000
+ 1500
1000
500
=500

-10

S54

£1 (ppm)

Gue

14, 126|MHz,

Dr=Ohi

INHI

m\

U
Il LA
CizH2sT | T

13C NMR (CD(
0

1

S 8 8 8 8 8 8 8 8 8 8 8 8 o o o o % 8 > o
o (=} (=] o o (=] o (=] o [=] o o (=] (=] (=] o [=] o = (=]
< N (=} 0 © < N [=} 0 © < N (= (=} (=3 (=) [=} N =1 [To}
[2e] o [2z] N N N N N — — — — — 0 © <~ N | » 0
N S R RN SR SR S L R
Fo
|
[=}
[o
n
£6L°0 rs er—
L0870 . -
ozg0” Fovel o N
16171~ - 6ve
9¢T T — Esee1 £8eN
bob T~ 0 9'87
- F Fseir = 9877
611 oo I
. 9'8T
1281 g7
. o L8t
611°C 8 88T
1917\ P R ol
- == [ $0°T 6°0¢
oIz _ o P
s€Te Fo '8
LT o el
oﬁ.NW -~ =871 wwm
06L°T —= Tz SO
168°C © £e
vT6'T ooL—
96T i L9
6L6T o
@
0sTH - — Foor| Y
. . —
6ETY = F660 &
S\N.vN G
PSTY =
L10S~ °
owo,mW === ko[
6v0's ,
n
LS [0 1IN
e ¥ =001 #eed
018'S \ I =] et
vz8's T o m s st~
O Pw m o 0 1
z o [ rret
Popt
< |8 o o
T M
LrrL— & £ —] Ty
(@] =z I
T M
o
[
mn
[ o

170




22000

20000

18000
16000

14000

12000

10000
o

+8000
6000
4000
2000

+—2000

VLL'T
SI8°1
L¥8'1
VL8 T
€61°C
SETT
vLT'T
S1€C
66S°C
859°C
9IL'T
S08°C
@NxNHW
€S8°CT~—~
698°C
c06'C
6T6'C
°96'C

VL0V
mﬁ%*/
Nomé\/
(424
hﬁNwN
LTTY

LY0'S
2N

Fee

Feoz
[ Fsee

=60
| ©T6°0

—0.

0O 0.5 0.0

1.

1.

1 (ppm)

080°S
SSL'S
omﬁmyu

208°s \
8€8°S

SOI'L
w_ﬁb/
Ly1I'L~N

s6r'LT
60T'L

sTTL

OH

6ve

"H NMR (CDCl;, 500 MHz)

Fese

=) =)
(=3 (=} (=} (=} o o (=3 (=} (=} (=} o
(=3 (=} (=} (=} o o (=3 (=} (=} (=} o
S S S S S S S S S S =
— [} o0 o~ © 0 < 2] N — o |
| | | | | | | | | | | L o
L=
|
4 Lo
=)
F=
(=}
LS
@)
$'Z¢ e
€96~
€6€~ _ LS
967 <
P —
S
Fo
0v9 —
\0
TiL— 4 =
~
o g
Fo0 Q
=
-
LS «
(=}
Lo
=
(o]
—
=
N
+ @ W L S
) 3 -
& -
Z & Fo
[$]
[=]
Q
= C=
7N P =
— =
I 2 -
%b [
(=}
Lo
=
o
[
-

S55



