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General Information
Allylboronic acids were synthesized according to previously described procedure'. Imine 1b?,
1c® and 1e* were prepared according to literature procedures preparation of 1i is given in page
S11. All other chemicals were obtained from commercial sources and used as received.
Anhydrous DCM was purchased from commercial source and stored inside the glove box.
Molecular sieves (pellets) were activated by several microwave heating/vacuum/Ar cycles.
Dry CDCls;, DCM, DMSO-ds and activated molecular sieves were stored in an argon-filled
glove box. CDCl; and DMSO-ds were stored over molecular sieves (4A) for several days
before use. 'H NMR and *C NMR spectra were recorded in CDCls (internal standard: 7.26
ppm, 'H; 77.16 ppm, °C), CDsCN (internal standard: 1.94 ppm, 'H) and DMSO-d; (internal
standard: 2.50 ppm, 'H; 39.52 ppm, ">C) using 400 MHz and 500 MHz spectrometers. High
resolution mass data (HRMS) were obtained using ESI technique. For column

chromatography, silica gel (35-70 microns) was used.

Experimental Procedures and Spectral Data

General Procedure A: Synthesis of Homoallylic Amine (Table 1). A Teflon coated screw
capped glass vial (1.5 mL) was equipped with a magnetic stirrer and taken inside of an Ar-
filled glove box. The vial was charged with molecular sieves (4 A) (0.05-0.1 g) and boronic
acid 2 (0.28 mmol), then CH,Cl, (0.6 mL) was added and this mixture was stirred for 10-15
minutes. Then, the reaction vial was taken out from the glove box and imine 1 (0.20 mmol)
was added to the boronic acid solution using a Hamilton syringe. The reaction mixture turned
to pale yellow immediately but the yellow color disappeared within a few minutes. The
mixture was stirred at room temperature for the reaction times given in Table 1. To establish
the reaction time necessary for the completion (Table 1), the reactions were monitored by 'H
NMR. An aliquot from the reaction mixture was dissolved in dry CDCl; and analysed by 'H
NMR. When the imine was fully consumed, MeOH (0.1 mL) was added and the reaction
mixture was stirred for a further 10-15 minutes. Then, the solvents were evaporated and the

residue was purified by silica gel chromatography.

General Procedure B: Synthesis of 2-substituted Indoline (Table 2). Indole 4 (0.1 mmol)
was placed in a screw capped glass vial (1.5 mL) under ambient conditions. Then the vial was
taken inside an Ar-filled glove box. Allylboronic acid 2 (0.15 mmol) and CH,Cl, (0.4 mL)

were added sequentially, then the vial was sealed and it was taken outside of the glove box.



The reaction mixtures were stirred at the temperatures and reaction times given in Table 2. To
establish the reaction time necessary for the completion (Table 2), the reactions were
monitored by '"H NMR. An aliquot from reaction mixture was dissolved in dry CDCl;
analyzed by 'H NMR. When the indole was consumed completely, MeOH (0.1 mL) was
added to the reaction mixture and the mixture was stirred for further 10-15 minutes. Solvent
was removed in vacuo to afford the crude product that was subsequently purified by flash

column chromatography on silica gel.

HN™ N-methyl-1,2-diphenylbut-3-en-1-amine (3a). The compound was prepared

iz

Ph/\l/\ according to above general procedure A. Product 3a was isolated in 73% yield

Ph (35.0 mg) as light yellow solid using pentane:Et,O:Et;NH (100:10:1) as eluent
for silica gel chromatography. '"H NMR (400 MHz, CDCls): § 7.17-7.04 (m, 8H), 6.98-6.95
(m, 2H), 6.17 (ddd, J = 18.3, 8.7, 8.3 Hz, 1H), 5.26-5.19 (m, 2H), 3.70 (d, J = 9.0 Hz, 1H),
3.46 (t, J = 9.2 Hz, 1H), 2.24 (s, 3H), 1.70 (bs, 1H, NH); °C NMR (101 MHz, CDCls): §
141.7, 141.5, 139.4, 128.3(2), 128.3, 128.2(5), 127.9, 126.9, 126.3, 117.5, 69.7, 58.7, 34.8;
HRMS (pos. EST) m/z: Caled for C;7HN [M+H]" 238.1590. Found 238.1594.

Chem3D diagram of compound 3a from the X-ray diffraction data (cif file name:

Compound_3a.cif)

HN/\/ N-allyl-1-(4-bromophenyl)-2-phenylbut-3-en-1-amine  (3b). The

/@/\I/\ compound was prepared according to above general procedure A.
Br Ph Product 3b was isolated in 84% yield (58.0 mg) as colorless oil in a
diastereomeric ratio of 98:2 using pentane:Et,O:Et,NH (100:10:1) as eluent for silica gel

chromatography. '"H NMR (500 MHz, CDCls): 6 7.26-7.24 (m, 2H), 7.16-7.12 (m, 2H), 7.10-
7.07 (m, 1H), 6.97-6.93 (m, 4H), 6.17-6.10 (m, 1H), 5.85-5.77 (m, 1H), 5.25 (ddd, J = 17.0,



1.6, 0.7 Hz, 1H), 5.21 (dd, J = 10.1, 1.6 Hz, 1H), 5.09-5.06 (m, 1H), 5.05 (t, J = 1.4 Hz, 1H),
3.83 (d, J=9.1 Hz, 1H), 3.38 (t, J = 9.3 Hz, 1H), 3.07 (ddt, J = 14.3, 5.0, 1.6 Hz, 1H), 2.92
(ddt, J = 14.3, 7.0, 1.2 Hz, 1H), 1.75 (bs, 1H, NH); °*C NMR (125 MHz, CDCl;): § 141.3,
140.8, 139.0, 136.8, 131.0, 130.0, 128.4, 128.2, 126.5, 120.6, 117.9, 116.0, 66.0, 58.7, 50.0;
HRMS (pos. ESI) m/z: Calcd for Cj9H,BrN [M+H]" 342.0852. Found 342.0837.

N-(4-bromobenzyl)-1-(4-bromophenyl)-2-phenylbut-3-en-1-
/\©\Br amine (3c). The compound was prepared according to above
X

Ph

H

nz

general procedure A. Product 3¢ was isolated in 72% yield
Br (68.0 mg) as colorless oil in a diastereomeric ratio of 91:9 using
pentane:Et,O:Et,NH (100:10:1) as eluent for silica gel chromatography. 'H NMR for major
isomer (500 MHz, CDCl3): ¢ 7.43-7.41 (m, 2H), 7.29-7.26 (m, 2H), 7.15-7.06 (m, 5H), 6.99-
6.97 (m, 2H), 6.92-6.90 (m, 2H), 6.13-6.06 (m, 1H), 5.23-5.18 (m, 2H), 3.75 (d, J = 9.0 Hz,
1H), 3.58 (d, J = 13.7 Hz, 1H), 3.40 (d, J = 13.7 Hz, 2H), 2.10 (bs, 1H, NH); °C NMR for
major isomer (125 MHz, CDCls): ¢ 141.1, 140.6, 139.4, 138.8, 131.6, 131.1, 130.0, 129.9,
128.4, 128.2, 126.6, 120.8, 118.1, 65.8, 58.6, 50.7; HRMS (pos. ESI) m/z: Calcd for

Cy3H,,BroN [M+H]" 470.0114. Found 470.0121.

Hy 1,2-diphenylbut-3-en-1-amine (3d). The compound was prepared according

ph/\l/\ to above general procedure A. Product 3d was isolated in 78% yield (35.0 mg)
Ph

"z

as colorless oil using pentane:Et;O:Et;N (100:30:1) as eluent for silica gel
chromatography. '"H NMR (500 MHz, CDCls): d 7.19-7.07 (m, 8H), 7.02-7.00 (m, 2H), 6.19
(ddd, J = 18.2, 8.9, 8.1 Hz, 1H), 5.25-5.19 (m, 2H), 4.18 (d, J = 8.5 Hz, 1H), 3.46 (t, J = 8.8
Hz, 1H), 1.68 (bs, 2H, NH,); *C NMR (125 MHz, CDCl): d 143.8, 141.9, 139.0, 128.3,
128.2(7), 128.0, 127.4, 127.0, 126.4, 117.5, 60.5, 59.5; HRMS (pos. ESI) m/z: Calcd for
C16H;7NNa [M+Na]" 246.1253. Found 246.1256.

Compound 3d was not suitable for X-ray diffraction, so the sulfonamide derivative of 3d was

prepared.’



)

Chem3D diagram of compound 3d sulfonamide derivative from the X-ray diffraction data

(cif file name: Compound 3d_sulfonamide derivative.cif)

un N~ N-allyl-1-(furan-2-yl)-2-phenylbut-3-en-1-amine (3e). The compound

~ X Was prepared according to above general procedure A. Product 3e was
m isolated in 92% yield (47.0 mg) as yellow liquid using pentane:Et,O:Et,NH
(100:10:1) as eluent for silica gel chromatography. 'H NMR (500 MHz, CDsCN): § 7.28 (dd,
J=1.8, 0.8 Hz, 1H), 7.20-7.16 (m, 2H), 7.12-7.09 (m, 3H), 6.20-6.13 (m, 2H), 5.97 (dd, J =
3.2, 0.8 Hz, 1H), 5.90-5.78 (m, 1H), 5.16-5.07 (m, 3H), 5.04-5.00 (m, 1H), 3.99 (d, J = 9.6
Hz, 1H), 3.68 (t, J=9.3 Hz, 1H), 3.09 (ddt, J = 14.3, 5.3, 1.6 Hz, 1H), 2.99 (ddt, /= 14.3, 6.5,
1.4 Hz, 1H); *C NMR (125 MHz, CDCls): 6 154.1, 141.6, 141.5, 139.1, 136.7, 128.3, 128.0,
126.5, 117.6, 116.2, 109.7, 108.4, 60.0, 55.7, 50.1; HRMS (pos. ESI) m/z: Calcd for
C17H;yNONa [M+Na]" 276.1359. Found 276.1352.

NH, 1-phenyl-2-vinylheptan-1-amine (3f). The compound was prepared
Ph/-\C\/ according to general procedure A. Product 3f was isolated in 80% yield
(35.0 mg) as colorless oil in a diastereomeric ratio of 94:6 using

pentane:Et,O:Et,NH (100:20:1) as eluent for silica gel chromatography. '"H NMR (500 MHz,
CDCl3): 0 7.34-7.29 (m, 4H), 7.25-7.23 (m, 1H), 5.59 (ddd, J = 18.3, 9.0, 8.1 Hz, 1H), 5.18
(dd, J =10.3, 2.0 Hz, 1H), 5.16-5.12 (m, 1H), 3.67 (d, J = 8.4 Hz, 1H), 2.22-2.16 (m, 1H),
1.28-1.06 (m, 8H), (t, J=9.3 Hz, 1H), 0.81 (t,J=7.1 Hz, 3H) ; °C NMR (125 MHz, CDCL):
0 1449, 140.5, 128.4, 127.5, 127.2, 117.7, 59.6, 52.6, 31.8, 31.3, 27.0, 22.7, 14.2; HRMS
(pos. ESI) m/z: Calcd for C;sH,3NNa [MJrNa]+ 240.1723. Found 240.1726.

HN™ N-methyl-1-phenyl-2-vinylheptan-1-amine (3g). The compound was
Ph/z\c\/ prepared according to above general procedure A. Product 3g was
isolated in  74% yield (34.0 mg) as colorless oil using

pentane:Et;O:Et,NH (100:20:1) as eluent for silica gel chromatography. 'H NMR (500 MHz,
CDCl3): 0 7.34-7.31 (m, 2H), 7.29-7.24 (m, 3H), 5.57 (ddd, J = 18.4, 8.5, 8.5 Hz, 1H), 5.21-



5.15 (m, 2H), 3.19 (d, J = 9.0 Hz, 1H), 2.25-2.19 (m, 1H), 2.17 (s, 3H), 1.25-1.00 (m, SH),
0.79 (t, J = 7.2 Hz, 3H); '°C NMR (125 MHz, CDCls): 5 142.5, 140.9, 128.5, 128.3, 127.2,
117.9, 69.2, 51.7, 34.7, 31.8, 31.2, 26.9, 22.6, 14.1; HRMS (pos. ESI) m/z: Caled for CysHa6N
[M+H]" 232.2060. Found 232.2061.

Hy 2,6-dimethyl-1-phenyl-2-vinylhept-5-en-1-amine (3h). Geranyl

"z

Ph X boronic acid was prepared according to previously described procedure’
X using CDCl; instead of CHCl; as a solvent. To a screw capped vial (1.5
mL) was added MS (4 A) and activated by heating/vacuum/Ar cycles.
Then, geranylboronic acid (2¢) solution (0.9 mL, 0.3 M solution in CDCls) was added to the
vial under Ar and stirred. Imine (0.2 mmol) was added to the boronic acid solution after 10
minutes by Hamilton syringe and allowed to stir at room temperature. The progess of the
reaction was monitored by 'H NMR. When the imine was fully consumed, the reaction
mixture was quenched with MeOH (0.1 mL) and the solvent was evaporated in vacuo to
afford crude product. Product 3h was isolated in 66% yield (32.0 mg) as colorless oil in a
diastereomeric ratio of 96:4 using pentane:Et;O:Et;N (100:10:1) as eluent for silica gel
chromatography. "H NMR (500 MHz, CDCLs): 6 7.32-7.27 (m, 4H), 7.25-7.22 (m, 1H), 5.79
(dd, J=17.6, 10.9 Hz, 1H), 5.22 (dd, J = 10.8, 1.4 Hz, 1H), 5.06-5.02 (m, 2H), 3.76 (s, 1H),
1.90-1.78 (m, 2H), 1.65 (s, 3H), 1.55 (s, 3H), 1.48 (bs, 2H, NH,), 1.39-1.33 (m, 1H), 1.28-
1.20 (m, 1H), 0.93 (s, 3H); *C NMR (125 MHz, CDCl3): 6 144.7, 142.7, 131.2, 128.9, 127.7,
127.1, 125.0, 114.9, 63.7, 45.1, 38.6, 25.8, 23.0, 17.8, 16.7; HRMS (pos. ESI) m/z: Calcd for
C17HoN [M+H]" 244.2060. Found 244.2069.

1-(-1-phenylallyl)-1,2,3,4-tetrahydroisoquinoline (3i). The compound

"z
T

X« Was prepared according to above general procedure A. Product 3i was

Ph isolated in 93% yield (46.0 mg) as colorless oil as a single diastereomer

using pentane:EtOAc:Et;N (100:10:0.5) as eluent for silica gel chromatography. 'H NMR

(400 MHz, CDCly): 0 7.37-7.24 (m, 5H), 7.14-7.11 (m, 2H), 7.04-7.01 (m, 1H), 6.85 (d, J =

7.7 Hz, 1H), 6.25-6.15 (m, 1H), 5.15 (d, /= 10.3 Hz, 1H), 5.07 (d, /= 17.3 Hz, 1H), 4.31 (d,

J=5.2 Hz, 1H), 4.00 (dd, J = 6.8, 6.8 Hz, 1H), 3.28-3.22 (m, 1H), 2.96-2.87 (m, 2H), 2.81-

2.72 (m, 1H), 2.01(br, 1H, NH); °C NMR (100 MHz, CDCls): § 142.6, 137.6, 137.0, 136.0,

129.2, 128.8, 128.6, 127.1, 126.7, 126.1, 125.3, 117.8, 60.6, 54.8, 41.2, 30.0; HRMS (pos.
ESI) m/z: Calcd for CisHyoN [M+H]" 250.1590. Found 250.1600.



Compound 3i was not suitable for X-ray diffraction, so the N-para-nitrobenzyl derivative of

3i was prepared.

Chem3D diagram of compound 3i_p-nitrobenzyl derivative from the X-ray diffraction data

(cif file name: Compound 3i_ p-nitrobenzyl derivative.cif)

H _ 2,6-dimethyl-1-phenyl-2-vinylhept-5-en-1-amine (3j). The compound was
Q—( prepared according to above general procedure A. Product 3] was isolated in
© Ph 65% yield (26.0 mg) as light yellow oil using DCM:Et,O:Et;N (90:30:1) as
eluent for silica gel chromatography. "H NMR (400 MHz, CDCls): 6 7.29-7.28 (m, 4H), 7.24-
7.18 (m, 1H), 6.33 (ddd, J = 18.3, 8.9, 8.1 Hz, 1H), 5.16-5.07 (m, 2H), 3.29 (d, J = 9.4 Hz,
1H), 3.02-2.96 (m, 1H), 2.95-2.89 (m, 1H), 1.86-1.70 (m, 3H), 1.40-1.34 (m, 1H), 1.07 (s,
3H); C NMR (125 MHz, CDCls): § 142.4, 138.9, 129.2, 128.2, 126.4, 117.0, 64.2, 59.7,
45.9, 36.3, 25.4, 25.3; HRMS (pos. ESI) m/z: Calcd for C;4Hp0N [M+H]" 202.1590. Found
202.1586.

OMe Ethyl-2-((4-methoxyphenyl)amino)-3-phenylpent-4-enoate

HN /©/ (3k). The compound was prepared according to above general

~_O m/z\l/\ procedure A. Product 3k was isolated in 72% yield (47.0 mg) as
colorless o1l as a single diastereomer using pentane:EtOAc:Et;

O Ph lorl il ingle di ing p EtOAc:Et;N

(100:10:0.2) as eluent for silica gel chromatography. '"H NMR (400 MHz, CD,CL): § 7.35-
7.24 (m, 5H), 6.74 (d, J = 8.9 Hz, 2H), 6.56 (d, J = 8.9 Hz, 2H), 6.22 (ddd, J=17.0, 10.2, 8.7
Hz, 1H), 5.24-5.18 (m, 2H), 4.20 (t, J = 8.1 Hz, 1H), 4.00 (d, J = 7.8 Hz, 1H), 3.93 (dq, J =
7.1, 1.9 Hz, 2H), 3.75-3.70 (m, 1H), 3.71 (s, 3H), 1.01 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CD,Cl,): 6 173.3, 153.4, 141.6, 140.6, 138.0, 129.0, 128.9, 127.7, 118.1, 115.3, 63.4,



61.4, 56.1, 53.8, 14.3; HRMS (pos. ESI) m/z: Calcd for C,0H»3NNaO; [M+Na]" 348.1570.
Found 348.1582.

NN 1-(4-(-1-(allylamino)-2-phenylbut-3-en-1-yl)phenyl)ethan-1-one

2 N (3l). The compound was prepared according to above general
\H/©/\I!>:\ procedure A. Product 3| was isolated in 71% yield (44.0 mg) as
o) colorless oil in a diastereomeric ratio of 91:9 using
pentane:EtOAc:Et;N (100:10:0.2) as eluent for silica gel chromatography. '"H NMR for major
isomer (400 MHz, CDCl3): 0 7.73 (d, J = 8.3 Hz, 2H), 7.19 (d, J = 8.3 Hz, 2H), 7.14-7.05 (m,
3H), 6.96-6.94 (m, 2H), 6.16 (dt, /= 16.9, 9.8 Hz, 1H), 5.87-5.77 (m, 1H), 5.29-5.21 (m, 2H),
5.10-5.07 (m, 1H), 5.05 (t, /= 1.3 Hz, 1H), 3.94 (d, /= 9.1 Hz, 1H), 3.44 (t, /= 9.3 Hz, 1H),
3.07 (ddt, J = 14.4, 5.1, 1.6 Hz, 1H), 2.94 (ddt, J = 14.2, 6.9, 1.1 Hz, 1H), 2.52 (s, 3H); "°C
NMR for major isomer (100 MHz, CDCl3): 0 198.0, 147.7, 141.1, 138.9, 136.7, 136.0, 128.5,
128.4, 128.2, 128.0, 126.6, 118.0, 116.1, 66.3, 58.5, 50.1, 26.6; HRMS (pos. ESI) m/z: Calcd
for C2;HasNO [M+H]" 306.1852. Found 306.1860.

—  2-(1-phenylallyl) indoline (3m). The compound was prepared according
©\/N\_g to above general procedure B. Product 3m was isolated in 90% yield
L' (21.0 mg) as light yellow oil using Pentane:Et,O (80:10) as eluent for

silica gel chromatography. 'H NMR (500 MHz, CDCls): 6 7.36-7.33 (m, 2H), 7.27-7.23 (m,
1H), 7.22-7.20 (m, 2H), 7.03-7.00 (m, 2H), 6.69-6.66 (m, 1H), 6.62 (d, J= 7.7 Hz, 1H), 6.10-
6.03 (m, 1H), 5.21-5.17 (m, 2H), 4.17 (s, 1H), 4.09 (td, J = 9.0, 6.7 Hz, 1H), 3.34 (t, J=9.1
Hz, 1H), 2.87 (dd, J = 15.9, 8.7 Hz, 1H), 2.69 (dd, J = 15.9, 6.7 Hz, 1H); *C NMR (125
MHz, CDCls): 0 150.5, 141.8, 139.6, 128.9, 128.3, 128.1, 127.5, 126.9, 124.9, 118.6, 117.1,
109.1, 62.8, 56.2, 34.3. HRMS (pos. ESI) m/z: Calcd for C;7H;sN [M+H]" 236.1434. Found

236.1435.

_0 —  5-methoxy-2-(1-phenylallyl) indoline (3n). The compound was
\©\/N\_g prepared according to above general procedure B. Product 3n was

\
H isolated in 96% yield (26.0 mg) as light yellow oil using

pentane:Et,O:Et;N (100:10:1) as eluent for silica gel chromatography. This reaction was
scaled up to 0.5 mmol and isolated in 97% yield 'H NMR (500 MHz, CDCls): 6 7.36-7.32 (m,
2H), 7.26-7.20 (m, 3H), 6.65-6.54 (m, 3H), 6.10-6.03 (m, 1H), 5.20-5.16 (m, 2H), 4.09-4.04
(m, 1H), 3.96 (bs, 1H, NH), 3.72 (s, 3H), 3.33 (t, /= 9.1 Hz, 1H), 2.84 (dd, J = 16.0, 8.5 Hz,



1H), 2.66 (dd, J = 16.0, 6.8 Hz, 1H); °C NMR (125 MHz, CDCl3): J 153.5, 144.4, 141.8,
139.7, 130.0, 128.9, 128.1, 126.8, 117.0, 112.2, 111.9, 109.7, 63.4, 56.1(3), 56.0(8), 34.8;
HRMS (pos. ESI) m/z: Caled for C;sH20NO [MJrH]+ 266.1539. Found 266.1553.

©j\—<\: 2-(oct-1-en-3-yl) indoline (30). The compound was prepared according
N\\\ Bu to above general procedure B. Product 30 was isolated in 95% yield
H

(22.0 mg) as colorless oil using pentane:Et,O:Et,NH (100:5:1) as eluent
for silica gel chromatography. 'H NMR (500 MHz, CDCls): d 7.06-7.04 (m, 1H), 7.00-6.97
(m, 1H), 6.66 (dt, J = 7.4, 1.0 Hz, 1H), 6.58-6.56 (m, 1H), 5.59 (ddd, J = 18.4, 9.0, 8.1 Hz,
1H), 5.15 (dd, J=10.3, 2.1 Hz, 1H), 5.10 (ddd, /= 17.1, 2.1, 0.7 Hz, 1H), 3.66 (q, J = 8.4 Hz,
1H), 3.08 (dd, J=15.5, 8.7 Hz, 1H), 2.81 (dd, /= 15.5, 8.4 Hz, 1H), 2.14-2.08 (m, 1H), 1.52-
1.47 (m, 1H), 1.39-1.20 (m, 7H), 0.89 (t, J = 7.1 Hz, 3H); °C NMR (125 MHz, CDCL): ¢
150.9, 140.4, 128.8, 127.4, 124.8, 118.4, 117.5, 109.0, 63.1, 50.3, 34.3, 32.0, 31.4, 27.0, 22.7,
14.2; HRMS (pos. ESI) m/z: Caled for C;sH24N [M+H]" 230.1903. Found 230.1894.

_0 —  5-methoxy-2-(oct-1-en-3-yl) indoline (3p). The compound was
\©\/I\>_<:3u prepared according to above general procedure B. Product 3p
H was isolated in 85% yield (22.0 mg) as colorless oil using

pentane:Et,O:Et,NH (100:10:1) as eluent for silica gel chromatography. "H NMR (500 MHz,
CDCl): 6 6.70 (m, 1H), 6.58-6.51 (m, 2H), 5.59 (ddd, J = 18.4, 8.9, 8.2 Hz, 1H), 5.14 (dd, J
=10.3, 2.1 Hz, 1H), 5.09 (ddd, J = 17.1, 2.1, 0.5 Hz, 1H), 3.73 (s, 3H), 3.65 (q, J = 8.4 Hz,
1H), 3.05 (dd, J = 15.6, 8.5 Hz, 1H), 2.79 (dd, J = 15.7, 8.5 Hz, 1H), 2.14-2.08 (m, 1H), 1.52-
1.46 (m, 1H), 1.39-1.21 (m, 7H), 0.88 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl): ¢
153.4, 144.7, 140.4, 130.6, 117.4, 112.2, 111.8, 109.6, 63.7, 59.1, 50.2, 34.8, 32.0, 31.5, 27.0,
22.7, 14.2; HRMS (pos. ESI) m/z: Calcd for C;7H,sNO [M+H]+ 260.2009. Found 260.2009.

2-(3,7-dimethylocta-1,6-dien-3-yl)  indoline  (3q). The

compound was prepared according to above general procedure B.

Product 3q was isolated in 74% yield (19.0 mg) as colorless oil
using pentane:Et,O:Et;N (40:1:0.1) as eluent for silica gel chromatography. '"H NMR (500
MHz, CDCls): 6 7.04-7.03 (m, 1H), 7.00-6.96 (m, 1H), 6.65 (dt, J= 7.4, 1.0 Hz, 1H), 6.56 (d,
J=1.7Hz, 1H), 5.83 (dd, J=17.7, 10.9 Hz, 1H), 5.17 (dd, J = 10.9, 1.5 Hz, 1H), 5.13-5.09
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(m, 1H), 5.06 (dd, J = 17.6, 1.5 Hz, 1H), 3.78 (t, J = 9.5 Hz, 1H), 2.95 (dd, J = 15.8, 9.3 Hz,
1H), 2.87 (dd, J = 15.8, 9.7 Hz, 1H), 1.98-1.85 (m, 2H), 1.69 (s, 3H), 1.60 (s, 3H), 1.42-1.38
(m, 2H), 1.00 (s, 3H); °C NMR (125 MHz, CDCls): 6 151.1, 144.2, 131.6, 129.0, 127.3,
124.8, 124.7, 118.3, 114.5, 108.7, 67.4, 43.8, 38.5, 31.2, 25.8, 22.9, 17.8, 17.3; HRMS (pos.
ESI) m/z: Calcd for CigHysN [M+H]+ 256.2060. Found 256.2054.

_0O __ 5-methoxy-2-methyl-2-(1-phenylallyl) indoline (3r). The
N oh compound was prepared according to above general procedure B,

\

H but the reaction was not quenched with MeOH. In addition the
column chromatography was performed without evaporating solvent. Note, that compound 3r
easily decomposes under both acidic and basic conditions. Product 3r was isolated in 75%
yield (21.0 mg) as a light yellow oil using pentane:Et,O (100:20) as eluent for silica gel
chromatography. 'H NMR (500 MHz, DMSO-dg): § 7.33-7.28 (m, 4H), 7.22-7.19 (m, 1H),
6.61 (d, J=2.4 Hz, 1H), 6.48 (dd, /= 8.4, 2.6 Hz, 1H), 6.42 (d, J = 8.4 Hz, 1H), 6.31 (ddd, J
=18.3, 8.9, 8.1 Hz, 1H), 5.10-5.04 (m, 2H), 4.82 (bs, 1H, NH), 3.61 (s, 3H), 3.38 (d, /=9.4
Hz, 1H), 3.05 (d, J = 15.9 Hz, 1H), 2.48 (d, J = 15.9 Hz, 1H), 1.05 (s, 3H); °C NMR (125
MHz, CDCl): 0 153.4, 144.1, 141.7, 138.5, 130.0, 129.1, 128.4, 126.7, 117.8, 112.3, 112.1,
109.8, 66.7, 59.1, 56.1, 41.8, 25.3; HRMS (pos. ESI) m/z: Caled for C;oH,;,NO [M+H]
280.1696. Found 280.1708.

Derivatives for the X-ray Crystallography (see Chem3D Figures above)

Br 4-bromo-N-(1,2-diphenylbut-3-en-1-yl)benzenesulfonamide

O\\S /©/ (3d_sulfonamide derivative). The compound was prepared according
HIEI/ 0 to literature method.” Product 3d_sulfonamide derivative was isolated
Ph/\ﬁ in 78% yield as colorless oil using pentane:EtOAc:Et;N (100:10:0.2) as

eluent for silica gel chromatography. 'H NMR (500 MHz, CDCls): §
7.34-7.29 (m, 3H), 7.14-7.10 (m, 3H), 7.05-7.01 (m, 1H), 6.97-6.94 (m, 2H), 6.90-6.88 (m,
2H), 6.76-6.74 (m, 2H), 6.07 (ddd, J = 16.9, 10.1, 9.3 Hz, 1H), 5.29-5.23 (m, 2H), 5.10 (d, J
= 5.4 Hz, 1H), 4.57 (dd, J = 9.2, 5.4 Hz, 1H), 3.48 (t, J = 9.2 Hz, 1H); °C NMR (100 MHz,
CDCl3): 0 139.6, 139.3, 137.9, 137.7, 131.8, 128.7, 128.6, 128.4, 127.9, 127.8, 127.5, 127.2,
127.1, 119.2, 62.1, 57.5; HRMS (pos. ESI) m/z: Calcd for CiHy0BrNNaO,S [M+Na]
464.0290. Found 464.0299.
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2-(4-nitrobenzyl)-1-(-1-phenylallyl)-1,2,3,4-tetrahydroisoquinoline

N e (3i_p-nitrobenzyl derivative). The compound was prepared according
i to literature methode.® Product 3i_p-nitrobenzyl derivative was isolated
in 82% yield as yellow color solid using pentane:EtOAc (100:10) as eluent for silica gel
chromatography. "H NMR (400 MHz, CDCls): 6 8.19 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.8 Hz,
2H), 7.24-7.19 (m, 3H), 7.13-7.08 (m, 2H), 6.97-6.95 (m, 2H), 6.86-6.82 (m, 1H), 6.34 (ddd,
J=17.1,10.2, 8.8 Hz, 1H), 6.23 (d, J = 7.7 Hz, 1H), 5.09 (dd, /= 10.2, 0.9 Hz, 1H), 4.98 (dt,
J=17.0, 1.2 Hz, 1H), 3.87-3.75 (m, 3H), 3.60 (dd, J = 8.6, 8.6 Hz, 1H), 3.43-3.36 (m, 1H),
2.97-2.89 (m, 1H), 2.82-2.77 (m, 1H), 2.60-2.54 (m, 1H); °C NMR (100 MHz, CDCl3): ¢
147.9, 147.2, 142.6, 140.0, 135.6, 134.5, 129.4, 129.1, 128.9, 128.4, 126.6, 126.5, 125.0,
123.6, 114.9, 66.7, 57.9, 57.5, 43.2, 23.7; HRMS (pos. ESI) m/z: Calcd for C,sH»sN,O,

[M+H]" 385.1916. Found 385.1920.

NN 1-(4-((allylimino)methyl)phenyl)ethan-1-one (21). 4-acetyl-

| benzaldehyde (275 mg, 1.86 mmol) and allylamime (117 mg, 2.04

mmol) were taken in dry dichloromethane and molecular sieves were

O added. The reaction mixture was stirred for one hour. After removing

the suspension by filtration, the solvent was evaporated under reduced pressure to provide

imine (341 mg, 98%) as yellow colour oil. 'H NMR (400 MHz, CDCls): 6 8.35 (s, 1H), 8.00

(d, J= 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H), 6.08 (ddt, J=17.1, 10.4, 5.7 Hz, 1H), 5.25 (ddt,

J=17.2,1.7, 1.7 Hz, 1H), 5.18 (ddt, J = 10.3, 1.5, 1.5 Hz, 1H), 4.30 (ddd, J=5.7, 1.7, 1.5

Hz, 2H), 2.63 (s, 3H); °C NMR (100 MHz, CDCl3): § 197.8, 161.1, 140.2, 138.7, 135.6,

128.7, 128.4, 116.6, 63.8, 26.9; HRMS (pos. ESI) m/z: Calcd for C;;H14NO [M+H]"
188.1070. Found 188.1063.
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'H NMR Studies for E/Z Isomerization of 1a with Aryl Boroxine (Figure 1)

The E/Z isomerization of imine 1a was studied in the presence of arylboroxine 5 in CDCl3
using 'H NMR (Figure 1). The E and Z geometry of the imine was assigned on the basis of
dNOE experiments at 30 °C.

H
)<aHa Ar\B/O\B/ Ar Ha Ha Ar\e,O\ B’Ar
He N7 OH, T T 36%  H Lo .-B 5
l ‘) e e | OB’O
o, |
Hp. J1.5% #‘ ©\/KHb o
He CDCl3, 30 °C He
1a 6

Figure 1. Isomerization of imine (1a) in the presence of aryl-boroxine. Major ANOE

observations are shown for clarity.

The isolated imine la (i.e. in the absence of boroxine) has three characteristic peaks H, (N-
methyl) at 3.52 ppm, H;, (imine C-H) at 8.29 ppm and H, at 7.90 ppm as shown in Figure 2.
When H, was irradiated a 1.5% dNOE effect was observed at Hy, (Figure 2). This shows that
H, and Hy, are close to each other and thus the Ph and N-methyl group are in E geometry.
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Figure 2. Observed dNOE between methyl proton (Ha) and imine proton (Hyp) in pure imine
(1a).

The boroxine of 4-fluorophenylboronic acid 5 was prepared according to the following
procedure. A dry glass vial was charged with 4-fluorophenylboronic acid (0.3 mmol, 42.0 mg)
and was taken inside a glove box. Molecular sieves 4 A (0.1 g) and dry CDCl; (0.5 mL) were
added sequentially and this mixture was stirred overnight. Formation of boroxine 5 was

indicated by systematic changes of the "H NMR shifts.

To the solution of boroxine 5 prepared by the above procedure, imine 1a (0.01 mmol) was
added under inert conditions, and then the '"H NMR spectrum was recorded at 30 °C (under
Ar). When imine 1a was added to boroxine 5, a new species 6 was observed, which displayed
characteristic new 'H NMR peaks at 9.10 ppm and at 7.66-7.53 ppm (Figures 3-4). The new
peak at 9.10 is the imine proton of 6 (Scheme 4), while the peak at 8.29 ppm corresponds
imine proton Hy in 1a (see also Figure 2). The other new peak at 7.66-7.53 ppm belongs to the
aromatic protons (Hc) of the Ph group in 6 (Figure 4). According to integration the ratio of 1a
to 6 is 45:55 (at 30 °C). The N-methyl protons for the two different species (1a and 6) are
overlapping at 3.52 ppm. Under the experiment imine la was also underwent partial

hydrolysis to benzaldehyde. The (O=C)-H proton was observed at 10.03 ppm (Figure 3).
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Figure 3. 'H NMR (CDCl;, 500 MHz) spectra for the mixture of 1a and 5.

When the N-methyl proton H, of 6 (overlapping with the N-methyl proton of 1a, see above)

was irradiated a ANOE (3.6%) was observed with the aromatic (probably the ortho) H.

protons of 6 indicating that the phenyl and the N-methyl groups in 6 are in Z-geometry

(Figure 4).
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Figure 4. Observed dNOE between methyl proton Ha and aromatic proton H. in complex 6.

100.00

Formation of arylboroxine 5 is an equilibrium process. When water was added to the dry

CDCl; solution of 5, formation of 4-fluorophenylboronic acid was observed by 'H NMR.

It is interesting to note that the reaction of phenyl boroxine and 1a leads to similar changes in
the '"H NMR spectrum as described for 5 and la. Appearance of new peaks indicates the
formation of imine-boroxine complex similar to 6. However, the extensive overlap of the 'H
NMR peaks in the aromatic area hindered the detection of the dNOE effects, when the N-

methyl group was irradiated.
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Computational Details

All the calculations were performed using the B3LYP functional’ as implemented in the
Gaussian09 software package®. Geometry optimizations were carried out with the 6-31G(d,p)
basis set. Frequencies were computed analytically at the same level of theory to confirm the
nature of the stationary points. Selected transition state structures were confirmed to connect
the correct reactants and products by intrinsic reaction coordinate (IRC) calculations. To
obtain more accurate final energy values, energies were recalculated on the basis of the
optimized geometries using single-point calculations with the larger 6-311+G(2d,2p) basis
set. Solvation effects were evaluated by performing single-point self-consistent reaction field
calculations with the polarizable continuum model (PCM),” as implemented in Gaussian09.
The parameters for dichloromethane (g = 8.93), corresponding to the experimental conditions,
and the default UFF atom radii were used in these calculations.

The final free energies reported in the article are the large basis set single-point energies
corrected by gas-phase Gibbs free energy corrections (at 298.15 K), solvation corrections, and

dispersion effects using the DFT-D2 method of Grimme.'°



Optimized TS structures for the Allylboration of 1a with Allylboronic Acid 2a

(Distances are in A)
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Calculated Energies and Energy Corrections of the Stationary Points
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Stationary Single-point Thermal Optimization Solvation Dispersion
point basis set correction to basis set energy Correction

energy Gibbs free energy (DCM) (kcal/mol)

6-311+G(2d,2p) energy at 6-31G(d,p) (a.u.)
(a.u) 298.15 K (a.u.)
(a.u.)

la -365.119080 0.117476 -365.021923 -0.00364775 -9.401853
la. -365.107961 0.117611 -365.010809 -0.00445979 -10.762613
2a -525.162586 0.146958 -525.003415 -0.0064436 -14.371365
1la -890.246128 0.290314 -889.995645 -0.009454 -42.134927
10a -890.270687 0.285560 -890.018184 -0.011306 -33.568335
12a -890.295369 0.289599 -890.043430 -0.009196 -39.758261
1ic -890.239845 0.288493 -889.987581 -0.010610 -40.572281
11b -890.243864 0.290437 -889.994384 -0.008011 -42.169155
10b -890.264283 0.288052 -890.014001 -0.010971 -33.888353
12b -890.291414 0.292743 -890.041658 -0.007557 -41.430760
11d -890.238535 0.289119 -889.988779 -0.008004 -40.422804
2ap -1346.071992 0.410349 -1345.707557 -0.010146 -42.130097
8a -1711.173531 0.557921 -1710.720621 -0.011435 -72.064705
7a -1711.201490 0.555506 -1710.747298 -0.013015 -66.932136
%a -1711.219197 0.556491 -1710.763435 -0.011082 -68.087883
8b -1711.163608 0.560290 -1710.711656 -0.010936 -74.754754
7b -1711.190265 0.556851 -1710.736567 -0.012568 -68.949080
9b -1711.215688 0.559794 -1710.761395 -0.010606 -71.269832
8c -1711.164100 0.556268 -1710.709173 -0.011610 -71.442405
8d -1711.158818 0.557164 -1710.706045 -0.010592 -73.584989
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-0.88603300

-0.58501600
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-0.81710700

0.13841400

1.11202900

0.97650100

3.61706900

2.55558400

5.95338100

4.90241000

6.60785000

0.72922800

1.14063400

1.93020300

1.49185500

0.25052100

-1.72384900

-1.95713400

2.19930800

3.00116400

2.48073600

4.02793600

2.80553600

3.50394400

1.89661300

4.28506100

4.62670700

3.69775400

5.08419000

2.53025900

1.82538400

3.78896300

-1.15382900

0.69932100

-2.99280200

-0.06060200

-3.76178400

-2.29571400

-0.03153800

0.55526100

-0.02639300

1.57934100

0.58650000

-0.23695500

-0.83927600

3.66646500

4.77240700

3.00583900

5.20948000

5.29810100

3.44244200

2.13673600

4.54762200

6.06939900

2.91420600

4.88427200

0.73876800

-2.11427300

0.01758200

-0.93441800

1.03717300

-0.90601000

1.20034200

-0.72236400

0.33886600

0.68264200

1.95542800

2.43505600

1.78990100

2.58455000

-1.49361500

1.36185400

-1.85213800

-1.51438500

-3.06421000

-2.34944900

-0.58277900

-3.90030800

-3.35140200

-3.55024800

-2.06169200

-4.83004500

-4.20409200
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3.03207800

3.45864000

2.52192800

1.16392500

0.73075400

1.66777400

1.34724200

-1.08262200

-0.44824700

-1.54858500

-1.77215400

-1.83975600

-1.75420700

0.01131400

0.33193300

-2.24818600

-1.05003600

2.15792300

-0.32079600

3.76029500

0.43457700

4.51419600

2.84870100

0.30793300

0.33292300

1.26942200

0.19153900

-0.50785100

-2.27352800

-0.79021100

0.69253800

-0.49119400

-0.39104900

-0.47152000

-0.66035200

-0.78797500

0.56012600

2.01079900

2.88724100

3.18867200

0.67909400

-0.18678400

2.46426300

1.90975500

3.23661700

2.83178700

-1.25392100

-0.41727900

-0.95885500

-0.25447600

-0.78167200

-0.42388900

-0.43458200

-0.75936300

-1.25271300

0.15187600

-1.41745600

0.44377000

-1.69004600

-3.01024500

-4.02614700

-3.71296600

-2.39237000

-1.35979000

0.06397800

0.31608600

-0.10909400

-0.61259200

-1.90626400

1.52590800

-0.72301600

0.77984500

-0.87228600

0.14613800

-2.64248500

0.63268300

-2.13216100

-0.90064300

-4.50581100

-3.24745300

-5.05977600

0.74303900

2.17649900

2.45296400

2.75741500

2.40734300

-1.24087500
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-2.54414400

-2.87247200

-2.87835400

-3.93495200

-3.89157600

-2.06917000

-4.94610900

-3.97121000

-4.93268000

-3.86652700

-5.75312400

-5.72466500

3.65772300

5.02300500

5.67987100

4.95730600

3.59027100

2.90469000

1.47196300

-0.96217300

-0.76651700

0.11529900

1.50643800

-1.93285900

-1.29109500

-1.82024700

-0.41566900

0.02014300

3.98857000

4.26993400

4.49758400

5.02809100

3.88739600

5.25625800

4.29538300

5.52759700

5.22913700

5.63728000

6.11881800

-0.65934900

-0.89810800

-0.58807800

-0.02314700

0.21331800

-0.11847300

0.09188900

0.15409300

2.30194900

2.61329900

2.48491000

-0.23860300

-0.00910800

2.53626500

2.31287400

1.50019600

-2.46494600

-3.84352500

-1.69236600

-4.42770400

-4.46113500

-2.27390200

-0.62633300

-3.64526200

-5.49527500

-1.65388700

-4.09546400

-1.08395700

-0.95545500

0.23572300

1.28860400

1.16442900

-0.02255200

-0.27347300

0.11305300

0.39672800

-0.63493800

-0.57619800

1.03266500

-1.24081000

0.27557400

1.42555500
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-0.32819000

1.96521100

1.18770100

3.06548200

3.15732500

5.46150700

5.57370200

6.74472800

0.45306600

0.66274700

1.48665700

0.88608600

-0.25426900

-0.80819400

-2.78291600

2.41432500

3.76630900

2.00908900

4.66249400

4.10948300

2.90358100

0.98148900

4.23700300

5.69706800

2.55912400

4.93351900

1.32519800

2.82129300

2.53164100

-0.02283100

0.68196800

-0.90107900

0.24212900

-1.32391300

-0.77281500

-0.08572100

-0.28717500

-0.98363100

0.65323500

-0.69779200

0.58085200

-0.29511800

2.74252100

3.05003700

2.66720300

3.29067500

3.10431300

2.91339100

2.41126700

3.22901900

3.53058600

2.85322600

3.41896600

-0.19726100

-1.61075300

0.40862800

-1.31339900

1.98735400

-2.01690600

2.21333000

-1.78879800

0.33963200

0.57956300

2.01530200

2.18084200

2.53414300

2.43294300

-1.82599100

0.58234700

-1.69756900

-1.44533400

-3.04693100

-2.48405000

-0.41592200

-4.08480300

-3.29001700

-3.81199900

-2.25455300

-5.11369500

-4.62311600

-0.19905800
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-1.18488700

-0.76011200

0.19657600

1.57140300

-2.14674300

-1.62149500

-1.79359700

-0.46920800

-0.16950500

1.93116800

0.22580100

0.48912500

0.92558000

1.19093300

-0.44408700

-0.94780300

-3.02273200

2.59756300

3.93334500

2.33596600

4.94988400

4.16500100

3.35229300

1.32766700

4.66605100

5.96609100

3.11751100

5.45639200

2.26148600

0.15237700

2.32909700

2.51734500

2.37648700

-0.05583600

0.01659000

2.58672800

2.40622500

2.66662300

2.38955900

-0.16342500

-0.03032600

-0.95872700

0.78974500

0.16156500

0.22378300

-0.00163000

2.61545900

2.82293900

2.63938800

3.05303600

2.81164800

2.87864100

2.46536100

3.08632900

3.21423400

2.89538700

3.26938300

-0.02093400

0.12047100

0.24687100

-0.74632300

-0.56579900

1.10538600

-1.19319200

0.03805100

1.29066800

-1.76259800

0.46167600

0.56849200

2.01255200

2.39288100

2.20516200

2.53598900

-1.84900300

0.70735400

-1.57483000

-1.16612800

-2.96184200

-2.08848000

-0.10354000

-3.88297500

-3.32392600

-3.45640300

-1.73914000

-4.94375500

-4.17807000

0.32239100
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1.46350300

0.52594000

2.65782700

0.75896800

-0.37066700

2.88260300

3.40740300

1.93046300

0.02616700

3.80524000

2.10824800

-0.03495200

0.68496900

2.07337300

2.72740100

2.01063100

0.60279500

-0.27022400

-1.16413800

-0.20466800

0.51317700

-0.03061400

-1.08294100

-2.37817300

-1.25113700

0.32284900

1.60103100

-0.84757200

-1.77285700

-0.64480000

-2.42226100

-1.99872700

-1.29868200

0.03566700

-2.18460000

-3.13297900

-1.11590400

-2.69790600

0.44281000

0.34249400

0.19746900

0.17064900

0.26891400

0.38468800

0.49272500

0.22763200

2.24018000

2.71291800

3.03860000

-0.54135400

0.70944900

2.51043500

2.03832000

2.69332400

-1.50156300

-2.01376900

-2.22849800

-3.22397300

-1.45214000

-3.43485700

-1.84065100

-3.94508200

-3.59498400

-3.97739500

-4.88538800

-4.74875000

-5.93313100

-5.89991300

-4.66729500

-3.47795200

-3.48858700

-2.32713900

-0.07950400

0.54370700

-0.55054800

-1.79244000

1.08282000

-0.58141900

0.64283700

1.47147300

-0.46886700
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-1.11621500

-1.29155000

2.55581100

-1.11501100

3.80954200

0.16222400

2.63982300

-0.13078300

1.11362100

1.47578000

1.88847400

0.91171200

-3.11827500

-1.60024800

0.67724400

-0.06326800

2.08046600

0.55711200

-1.14607000

2.69915700

2.69369500

1.94561000

-0.04583700

3.78060300

2.43282600

0.29161800

-1.40803500

3.09549400

0.78044600

0.28360600

0.55279400

0.08533500

0.38022100

0.12026000

-0.05044300

-0.68471200

-1.36685600

0.06115600

-1.24069400

0.47857300

-0.17957300

3.62842800

4.07905800

3.78114600

4.65410900

3.97976600

4.35807200

3.45715300

4.79885700

4.99406700

4.46664000

5.25040300

-0.46008500

0.14146300

-1.84759900

-2.54191800

-2.54399900

-4.78574000

-4.62909800

-6.88430000

-6.82290500

-1.10801900

-0.67296100

-1.44460400

-0.46212400

0.24018900

-0.01156900

1.80841800

-2.92044900

-4.03544200

-2.97750100

-5.14023800

-4.01853900

-4.08216800

-2.14233500

-5.17322400

-5.97813900

-4.09174100

-6.03227700

-1.82060000

-0.00440200
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-1.13088100

-0.03745200

0.04790300

-1.48897800

-2.58957300

-2.11786100

-1.11844400

0.85954900

-0.86962800

-0.04135800

1.09421100

1.66146600

1.75647500

0.72291300

-2.52106500

-2.41515400

1.17672800

0.98366300

2.47600900

2.02762500

-0.00834600

3.51527400

2.67534200

3.30209500

1.84211100

4.50305800

4.11717500

1.32534500

-0.46877300

2.26381000

2.52055000

2.15197800

0.09323600

-0.15556800

2.20501200

2.69962700

2.92916400

1.83209500

-0.24372500

0.07326800

-0.84078900

0.80290300

0.47378000

-0.10289000

0.13265800

2.39863100

2.31111200

2.72052200

2.53363400

2.07719000

2.94870400

2.78640400

2.85553400

2.46216300

3.19557000

3.03101400

-0.25235200

-1.20756400

-0.50825300

-1.35336500

-2.68358600

1.38653400

-0.68467600

-0.95845700

0.48671900

-0.88688700

-3.17508600

-0.55018900

0.33520100

0.53398300

-0.14163000

1.27481300

-1.64336800

1.64975800

-3.57966300

-4.97542500

-3.12826200

-5.87129000

-5.35355900

-4.02389300

-2.06264500

-5.40287700

-6.93960600

-3.64406600

-6.09832000

-2.08198100

-2.81995900
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-1.47781100

-0.08752000

-2.10896400

-1.75045400

-0.72182700

0.70240900

-1.74270200

-2.88074300

-0.41765200

-2.23507900

3.08298200

4.31258900

5.33871600

5.12084800

3.88745700

2.85132900

1.46102300

-0.71610300

-0.78496800

0.06810600

1.45056500

-1.42468300

-1.27656900

-1.76188000

-0.53674200

-0.21749000

1.69078800

-2.14003300

-1.08756300

-2.87914800

-2.29579900

-1.82895600

-0.39317600

-2.72428600

-3.59263800

-1.71257500

-3.30666300

-1.33178900

-1.97485100

-1.37545300

-0.13389800

0.50589100

-0.08150800

0.54317300

-0.56668600

3.20240900

2.61657400

2.11278500

-1.21643200

-0.55763800

3.54558900

3.36281600

2.49629200

2.48747200

-2.49232900

-4.17511300

-3.49167500

-1.45660700

-5.16434300

-4.44323900

-4.82911500

-3.21814900

-6.20040000

-5.60205100

-0.89858500

-0.76610800

-0.03369300

0.56281000

0.42646500

-0.30920300

-0.45059500

0.23718300

-0.02596900

-0.86584000

-0.50998600

1.22595800

-1.03019700

-0.35291300

1.02000200

-1.91315900

0.49139600
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1.07917700

3.74244600

2.28575200

5.91202100

4.47007500

6.29959100

0.53880400

0.97030400

1.85584300

1.21267600

0.16006800

-0.91976000

-2.28175000

2.46261800

3.26147100

2.58007700

4.15728000

3.17701300

3.47481800

1.97504100

4.26807800

4.76735200

3.55285300

4.96531700

1.35267000

-1.07252700

-0.76359900

0.18929600

1.47450800

-1.80780700

0.34200600

-2.94135900

-1.87110800

0.02553600

0.09988300

-0.51739000

1.12942300

-0.25268900

0.12732300

-1.49425900

2.70358300
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2.23178000

4.37754600

4.17588700

2.81784700

1.39349600

3.89343600

5.21577100

2.43168700

4.34937900

0.31565500

-0.22792500

3.19577700

-1.41468900

0.89328300

-1.46465100

1.13511200

-1.23629500

0.06941200

0.56689300

1.95904300

2.14982600

2.25592100

2.59591300

-1.60322900

0.88304800

-1.48814900

-1.10187900

-2.80331600

-1.99348300

-0.08973300

-3.69862600

-3.13768000

-3.29724900

-1.66899300

-4.71096400

-3.99388700

-0.47620600

0.19241800

-0.92969500
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0.09157600

1.36208800

-1.97303000
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-0.13685000

1.36187600
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0.71466300

1.58959100
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2.60675400

5.08028800

3.98236200
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1.64732300

5.02376600

6.04126300

3.71738200

5.93762500

2.30344300

1.35866300

1.22610000

2.32376000

1.86240800

-0.26037200

-0.44997900

3.48854900

3.64559400

1.90300800

2.32238600

-0.00821000

0.18533900

-0.43377000

1.23047200
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3.24404700

2.46837700
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3.72233400
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3.33326300
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4.40641000

3.70519600

0.12177800

-0.65591500

-2.03057500

-1.46415600

-0.79019300

1.23874300

-1.06957100

-1.44315200

0.04443300

-2.44164300

0.20712900

0.50421300

1.89308900

2.13601000
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2.55245800

-1.74660200
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-3.14562700

-2.94178400

-2.65105600

-1.15027900

-3.98732700
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0.03705200

-1.66733400

-1.39617800
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1.29078100

1.05837400

1.62807200

1.70869500

1.49010700
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1.78806600

1.53698200
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-2.97855200
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'H NMR (CDCls, 400 MHz) of compound 3a
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C NMR (CDCl;3, 101 MHz) of compound 3a
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'H NMR (CDCls, 500 MHz) of compound 3b
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C NMR (CDCl;, 125 MHz) of compound 3b
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'H NMR (CDCls, 500 MHz) of compound 3¢
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C NMR (CDCl;, 125 MHz) of compound 3¢
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'H NMR (CDCls, 500 MHz) of compound 3d
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C NMR (CDCl;, 125 MHz) of compound 3d
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'H NMR (CDsCN, 500 MHz) of compound 3e
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C NMR (CDCl;, 125 MHz) of compound 3e
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'H NMR (CDCls, 500 MHz) of compound 3f
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C NMR (CDCls, 125 MHz) of compound 3f
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'H NMR (CDCls, 500 MHz) of compound 3¢
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C NMR (CDCl;, 125 MHz) of compound 3¢
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'H NMR (CDCls, 500 MHz) of compound 3h
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C NMR (CDCl;, 125 MHz) of compound 3h
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'H NMR (CDCls, 400 MHz) of compound 3i
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C NMR (CDCls, 100 MHz) of compound 3i
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'H NMR (CDCls, 400 MHz) of compound 3j

DT MM 00

O N~ O NOLOD OO OY I~
ANANNATAMOOOOOMOM®OAN — O MOANOO O O <M O
MNNNNOOOOOOOO [TolTe} MOMOOMONNN A A

H
S

~ Ph

1
C R R I T A T ST
6.5 6.0 5.5 5.0 4.5 . .

T
2.0 15 1.0 0.5 0

.0 ppm




78

C NMR (CDCls, 125 MHz) of compound 3j
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'"H NMR (CD,Cl,, 400 MHz) of compound 3k
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C NMR (CD,Cl,, 400 MHz) of compound 3K

M

OO OO~

eEvli—

8°€G—
1°96—
V' 19—
v e9—

ELT—

©/0Me
A
Ph

2

~_0

B

0 ppm

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

180



81

'H NMR (CDCls, 400 MHz) of compound 31
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C NMR (CDCl3, 400 MHz) of compound 31
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'H NMR (CDCls, 500 MHz) of compound 3m
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C NMR (CDCl;, 125 MHz) of compound 3m
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'H NMR (CDCls, 500 MHz) of compound 3n
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C NMR (CDCl;, 125 MHz) of compound 3n
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'H NMR (CDCls, 500 MHz) of compound 30
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C NMR (CDCl;, 125 MHz) of compound 30
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'H NMR (CDCls, 500 MHz) of compound 3p
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C NMR (CDCl;, 125 MHz) of compound 3p

N

< N ©

N~ < (o]

<

VOO~

YT —

ce—
le—

|NM\
I.VM\

05—
96—

€9—

ovT—
vl —

TEST—

Bu

0 ppm

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

180



'H NMR (CDCls, 500 MHz) of compound 3q
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C NMR (CDCl;, 125 MHz) of compound 3q
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'H NMR (DMSO-ds, 500 MHz) of compound 3r
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C NMR (CDCls, 125 MHz) of compound 3r
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'H NMR (CDCls, 500 MHz) of compound 3d_sulfonamide derivative
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C NMR (CDCls, 100 MHz) of compound 3d_sulfonamide derivative
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'H NMR (CDCls, 400 MHz) of compound 3i_p-nitrobenzyl derivative
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C NMR (CDCls, 100 MHz) of compound 3i_p-nitrobenzyl derivative
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'H NMR (CDCls, 400 MHz) of compound 1i
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C NMR (CDCls, 100 MHz) of compound 1i
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