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General Methods.

NMR spectra were recorded on a Bruker DPX-400 spectrometer (400.13 MHz for 'H and 100.62
MHz for 3C) and AV-400 spectrometers (40.5 MHz for ’'N) in CDCls. The internal standards
were HMDS (for 'H nuclei 8 0.05 ppm) or the residual solvent signals (for '3C nuclei & 77.16
ppm), CH;NO, (for 5N nuclei 8 0.0 ppm). The signals in the 3C NMR spectrum were assigned
by the two-dimensional 'H-'3C heteronuclear HSQC and HMBC techniques. IR spectra were
recorded on a two-beam Bruker Vertex 70 spectrometer, in a microlyaer from chloroform. Mass
spectrum of reaction mixture between quinolone 1a and acetylene 2a was recorded on a GCMS-
QP5050A spectrometer made by Shimadzu Company. Chromatographic column parameters
were as follows: SPB™.-5, length 60 m, internal diameter 0.25 mm, thickness of stationary phase
film 0.25 um; injector temperature 250 °C, gas carrier — helium, flow rate 0.7 mL/min; detector
temperature 250 °C; mass analyzer: quadrupole, electron ionization, electron energy: 70 eV, ion
source temperature 200 °C; mass range 34-650 Da. Elemental analysis was carried out on a
FLASH EA 1112 Series analyzer. Melting points were determined on a Kofler hot stage
apparatus. Commercial samples of quinolines la-¢ and cyanophenylacetylene 2g were used.
Quinolines 1d,e were prepeared by methylation corresponding hydroxyl and mercapto
quinolines.! Samples of aroyl(hetaroyl)arylacetylenes 2a-f were obtained according to method.
2 Monitoring of the reaction was carried out using the method of IR spectroscopy to follow the
drop of the C=C bond intensity of acetylenes 2 at 2195-2264 cm! until it stopped changing or its
complete disappearance. The products 3a-p, 4d and 5g-i were separated and purified by column
chromatography. Column and thin-layer chromatography were carried out on silica gel (0.06-0.2
mm) with chloroform/toluene/ethanol (20:4:1) mixture as eluent.

General Procedures.

Method A. A mixture of quinoline 1 (1 equiv), acetylene 2 (1 equiv), H,O (55 equiv, 0.5
mL), KOH (20 mol%) and MeCN (1 mL) was stirred at 55-60 °C for 48 h. After that water layer
was separated, organic layer was concentrated under the low pressure and the residue was passed
through the chromatography column deliver to the target quinoline 3.

Method B. A mixture of quinoline 1 (1.5 equiv), acetylene 2 (1 equiv), H,O (5 equiv)
and 20 mol% of KOH was stirred at rt for appropriate time. After that water layer was separated,
organic residue was passed through the chromatography column deliver to the target quinoline 3.

Method C. A mixture of quinoline 1 (1 equiv), acetylene 2 (1 equiv), H,O (5 equiv) and
10 mol% of KOH was stirred at rt for appropriate time. After that water layer was separated,
organic residue was passed through the chromatography column deliver to the target quinoline 3.

Phenyl(2-phenylquinolin-3-yl)methanone (3a). Method A: from a mixture of quinoline (1a)
(0.064 g, 0.500 mmol), acetylene 2a (0.103 g, 0.500 mmol), H,O (0.5 mL)
, PP and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline
6 N e 3a (0.069 g, 45%) was obtained as beige powder, mp 132-133 °C (ethanol).?
_ Initial acetylene 2a was recovered (0.013 g, conversion was 87%).
Ty ea "1‘ 2'Ph Analogously, from a mixture of quinoline 1b (0.072 g, 0.500 mmol),
acetylene 2a (0.103 g, 0.500 mmol), H,O (0.045 g, 2.500 mmol) and KOH
(0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline 3a (0.102 g, 66%) was obtained.
Initial acetylene 2a was recovered (0.014 g, conversion was 86%).
'H, 3C NMR and IR spectra are similar to the literature data.?
IR (microlayer): 1664 (C=0) cm.
'"H NMR (400.13 MHz, CDCl;): & 8.31 (s, 1H, H-4), 8.22 (m, 1H, H-8), 7.87 (m, 1H, H-5), 7.80
(m, 1H, H-7), 7.69 [m, 2H, H, Ph from C(2)-Ph], 7.61 (m, 2H, H, from Bz), 7.57 (m, 1H, H-6),
7.43 (m, 1H, H, Ph from Bz), 7.31 (m, 2H, H,, Ph from Bz), 7.27 [m, 3H, H,,, from C(2)-Ph]
ppm.
BC NMR (100.62 MHz, CDCl3): 8 197.0 (C=0), 157.5 (C-2), 148.5 (C-8a), 139.9 [C; from C(2)-
Ph], 137.6 (C-4), 137.2 (C; Ph from Bz), 133.4 (C, Ph from Bz), 133.0 (C-3), 131.2 (C-7), 130.1
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(C, Ph from Bz), 129.8 (C-8), 129.4 [C, from C(2)-Ph], 128.9 [C, from C(2)-Ph], 128.5 [C,,
from C(2)-Ph; C,, Ph from Bz], 128.2 (C-5), 127.4 (C-6), 125.9 (C-4a) ppm.

SN NMR (40.55 MHz, CDCl3): 6 -70.7 (N-1) ppm.

C,H5NO (309.36): caled C 85.41, H 4.89, N 4.53; found C 85.46, H 4.58, N 5.21.

Phenyl(2-(p-tolyl)quinolin-3-yl)methanone (3b). Method A: from a mixture of quinoline 1a
(0.064 g, 0.500 mmol), acetylene 2b (0.110 g, 0.500 mmol), H,O
(0.5 mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C,
48 h) quinoline 3b (0.047 g, 29%) was obtained as a beige powder,
mp 125-127 °C (ethanol). Initial acetylene 2b was recovered (0.026
g, conversion was 76%).

Me TR (microlayer): 1664 (C=0) cm™'.

'"H NMR (400.13 MHz, CDCls): 6 8.27 (s, 1H, H-4), 8.21 (m, 1H, H-8), 7.85 (m, 1H, H-5), 7.79

(m, 1H, H-7), 7.72 (m, 2H, H, Ph from Bz), 7.57 (m, 1H, H-6), 7.51 [m, 2H, H, from C(2)-Ph],

7.46 (m, 1H, H, Ph from Bz), 7.32 (m, 2H, H,, Ph from Bz), 7.07 [m, 2H, H,, from C(2)-Ph],

2.26 (s, 3H, Me) ppm.

3C NMR (100.62 MHz, CDCl3): 8 197.1 (C=0), 157.6 (C-2), 148.5 (C-8a), 138.9 (C; Ph from

Bz), 137.5 (C-4), 137.1 [C; from C(2)-Ph], 137.2 [C, from C(2)-Ph], 133.4 (C, Ph from Bz),

133.0 (C-3), 131.2 (C-7), 130.2 (C, Ph from Bz; C-8), 129.3 [C,,,, from C(2)-Ph], 128.5 [C,, Ph

from Bz], 128.2 (C-5), 127.2 (C-6), 125.8 (C-4a), 21.3 (Me) ppm.

Cy3H7NO (323.40): caled C 85.42, H 5.30, N 4.33; found C 85.31, H 5.21, N 4.19.

(3-Methoxyphenyl)(2-phenylquinolin-3-yl)methanone (3c). Method A: from a mixture of
4 quinoline 1a (0.064 g, 0.500 mmol), acetylene 2¢ (0.118 g, 0.500
OMe " mmol), H,0 (0.5 mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL)
(55-60 °C, 48 h) quinoline 3¢ (0.096 g, 56%) was obtained as a beige
powder, mp 136-138 °C (ether).
IR (microlayer): 1664 (C=0) cm!.
'"H NMR (400.13 MHz, CDCI;): & 8.29 (s, 1H, H-4), 8.22 (m, 1H, H-
7 ga N" 2 Ph 8), 7.86 (m, 1H, H-5), 7.78 (m, 1H, H-7), 7.60 [m, 2H, H, from C(2)-
Ph], 7.57 (m, 1H, H-6), 7.35-7.15 [m, 6H, H-2’, H-5’, H-6’, H,,,,, from
C(2)-Ph], 7.00 (m, 1H, H-4"), 3.74 (s, 3H, OMe) ppm.
BBC NMR (100.62 MHz, CDCl;): 8 196.7 (C=0), 159.7 (C-3’), 157.2 (C-2), 148.4 (C-8a), 139.9
[C; from C(2)-Ph], 138.5 (C-1"), 137.6 (C-4), 133.0 (C-3), 131.3 (C-7), 129.8 (C-8), 129.5 (C-
5%), 129.4 [C, from C(2)-Ph], 128.9 [C, from C(2)-Ph], 128.5 [C,, from C(2)-Ph], 128.2 (C-5),
127.4 (C-6), 125.8 (C-4a), 123.3 (C-6’), 120.2 (C-4’), 113.8 (C-2’), 55.2 (OMe) ppm.
C3H7NO; (339.39): caled C 81.40, H 5.05, N 4.13; found C 81.77, H 5.34, N 3.79.

(4-Nitrophenyl)(2-phenylquinolin-3-yl)methanone (3d). Method A: from mixture of

NO, quinoline 1a (0.064 g, 0.500 mmol), acetylene 2d (0.126 g, 0.500 mmol),
¢  H,0 (0.5 mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C,

48 h) quinoline 3d (0.033 g, 19%) was obtained as a light-brown powder,

mp 184-186 °C (ether).

From mixture of quinoline 1a (0.064 g, 0.500 mmol), acetylene 2d (0.126

g, 0.500 mmol), H,O (0.5 mL) and KOH (0.006 g, 20 mol%) (55-60 °C, 24

h) quinoline 3d (0.043 g, 24%) was obtained.

IR (microlayer): 1665 (C=0) cm!.

'H NMR (400.13 MHz, CDCls): & 8.44 (s, 1H, H-4), 8.25 (m, 1H, H-8),

8.05 (m, 2H, H-3,5’), 7.94 (m, 1H, H-5), 7.86 (m, 1H, H-7), 7.72 (m, 2H, H-2",6"), 7.54 [m, 2H,

H, from C(2)-Ph], 7.64 (m, 1H, H-6), 7.24 [m, 3H, H,,, from C(2)-Ph] ppm.

BC NMR (100.62 MHz, CDCl;): 8 195.6 (C=0), 157.1 (C-2), 150.1 (C-4"), 148.8 (C-8a), 141.9

(C-17), 139.6 [C; from C(2)-Ph], 138.6 (C-4), 131.8 (C-3), 131.9 (C-7), 130.6 (C-2",6"), 129.9
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(C-8), 129.5 [C, from C(2)-Ph], 129.4 [C, from C(2)-Ph], 128.8 [C,, from C(2)-Ph], 123.5 (C-
3°,5%), 128.4 (C-5), 127.8 (C-6), 126.0 (C-4a) ppm.

CyH14N,05 (354.37): caled C 74.57, H 3.98, N 7.91; found C 74.87, H 3.93, N 7.52.

0--H

3 g
NO,

Also here (Z)-3-hydroxy-1(3)-(4-nitrophenyl)-(3)1-phenylprop-2-en-1-one (4d) (0.015
g, 11%) was isolated as a white powder, mp 160-162 (ether).*
"H NMR and IR spectra are similar to the literature data.*
IR (microlayer): 1726, 1344, 1523 (NO,), 1654 (C=0), 3371 (OH) cm'!.
"H NMR (400.13 MHz, CDCl;): & 16.65 (br. s, 1H, OH), 8.32 (m, 2H, H-3",5’), 8.12 (m, 2H, H-
2°,6’), 7.99 [m, 2H, H, from C(1)-Ph], 7.60 [m, 1H, H, from C(1)-Ph], 7.50 [m, 2H, H,, from
C(1)-Ph], 6.88 (s, 1H, H-2) ppm.
3C NMR (100.62 MHz, CDCl;): 6 186.9 (C-1), 180.8 (C-3), 149.0 (C-4"), 140.1 (C-1"), 134.3
[C; from C(1)-Ph], 132.3 [C, from C(1)-Ph], 128.0 (C-2,6"), 127.2 [C,, from C(1)-Ph], 126.6 [C,
from C(1)-Ph], 123.0 (C-3,5’), 93.4 (C-2) ppm.

2-Furyl(2-phenyl-3-quinolinyl)methanone (3e). Method A: from mixture of quinoline 1la
(0.064 g, 0.500 mmol), acetylene 2e (0.098 g, 0.500 mmol), H,O (0.5 mL)
and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline
3e (0.033 g, 59%) was obtained as a light-beige powder, mp 120-121 °C
(ethanol).

Method C: from a mixture of quinoline 1a (0.129 g, 1.000 mmol),
acetylene 2e (0.196 g, 1.000 mmol), H,O (0.090 g, 5.000 mmol) and KOH
(0.006 g, 10 mol%) (rt, 240 h) quinoline 3e (0.198 g, 66%) was obtained.
Initial acetylene 2e was recovered (0.010 g, conversion was 95%).

IR (microlayer): 1652 (C=0) cm'!.

'"H NMR (400.13 MHz, CDCl;): & 8.33 (s, 1H, H-4), 8.18 (m, 1H, H-8), 7.82 (m, 1H, H-5), 7.73
(m, 1H, H-7), 7.65 [m, 2H, H, from C(2)-Ph], 7.50 (m, 1H, H-6), 7.40 (m, 1H, H-5"), 7.26 [m,
3H, H,,, Ph from C(2)-Ph], 6.88 (m, 1H, H-3"), 6.29 (m, 1H, H-4") ppm.

BC NMR (100.62 MHz, CDCl3): 6 183.6 (C=0), 157.0 (C-2), 152.3 (C-2"), 148.3 (C-8a), 147.3
(C-5", 139.7 [C; from C(2)-Ph], 137.6 (C-4), 131.8 (C-3), 131.2 (C-7), 129.5 (C-8), 129.0 [C,
from C(2)-Ph], 128.7 [C, from C(2)-Ph], 128.3 [C,, from C(2)-Ph], 128.1 (C-5), 127.2 (C-6),
125.6 (C-4a), 120.5 (C-3"), 112.4 (C-4") ppm.

SN NMR (40.55 MHz, CDCl3): 6 -70.7 (N-1) ppm.

C10H13NO; (299.32): caled C 80.25, H 4.38, N 4.68; found C 80.60, H 4.20, N 4.70.

Method B: from a mixture of quinoline 1a (0.097 g, 0.750 mmol), acetylene 2e (0.098 g, 0.500
mmol), H,O (0.045 g, 2.500 mmol) and KOH (0.006 g, 20 mol%) (rt, 144 h) quinoline 3e (0.059
g, 39%) and 1,4-dihydroquinoline 5e (11%, 'H NMR) were obtained. Initial acetylene 2e was
recovered (0.016 g, conversion was 84%).

2-(3-(Furan-2-carbonyl)-2-phenyl-1,4-dihydroquinolin-4-yl)acetaldehyde (Se).

. IR (microlayer): 1648, 1707 (C=0), 3274 (NH) cm!
"H NMR (400.13 MHz, CDCl;): & 9.82 (t, *Juon10 = 5.4 Hz, 1H, H-10), 7.37
(m, 2H, H, from Ph), 7.30-7.20 (m, 3H, H,,, from Ph; 1H H-5; 1H H-7; 1H
NH), 7.10 (t, 3JH6,H7 =77 HZ, 3JH5’H6 =177 HZ, lH, H-6), 6.98 (d, 3JH7,Hg =8.2
Hz, 1H, H-8), 6.94 (m, 1H, H-5'), 6.56 (m, 1H, H-3"), 6.02 (m, 1H, H-4'), 4.42
(t, *Juano = 6.4 Hz, 1H, H-4), 2.76, 2.61 (2m, 2H, H-9) ppm.
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(2- Phenquumolln-3-yl)(thlophen 2-y)methanone (3f). Method A: from mixture of quinoline
' 1a (0.064 g, 0.500 mmol), acetylene 2f (0.106 g, 0.500 mmol), H,O (0.5

mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h)

quinoline 3f (0.093 g, 59%) was obtained as a brown powder, mp 130-132

°C (ethanol).

Method C: from a mixture of quinoline 1a (0.129 g, 1.000 mmol),

acetylene 2f (0.212 g, 1.000 mmol), H,O (0.090 g, 5.000 mmol) and KOH

(0.006 g, 10 mol%) (rt, 240 h) quinoline 3f (0.227 g, 72%) was obtained.

Initial acetylene 2f was recovered (0.011 g, conversion was 95%).

IR (microlayer): 1641 (C=0) cm.

'H NMR (400.13 MHz, CDCls): 6 8.29 (s, 1H, H-4), 8.19 (m, 1H, H-8), 7.81 (m, 1H, H-5), 7.74

(m, 1H, H-7), 7.66 [m, 2H, H, from C(2)-Ph], 7.55 (m, 1H, H-5"), 7.51 (m, 1H, H-6), 7.26 [m,

1H, H-3'; 3H, H,,, Ph from C(2)-Ph], 6.89 (m, 1H, H-4') ppm.

3C NMR (100.62 MHz, CDCls): 8 188.0 (C=0), 156.8 (C-2), 148.3 (C-8a), 144.3 (C-2"), 139.6

[C; from C(2)-Ph], 137.1 (C-4), 135.3 (C-5"), 135.2 (C-3"), 132.6 (C-3), 131.1 (C-7), 129.6 (C-8),

129.2 [C, from C(2)-Ph], 128.8 [C, from C(2)-Ph], 128.3 [C,, from C(2)-Ph], 128.1 (C-5), 128.0

(C-4", 127.3 (C-6), 125.6 (C-4a) ppm.

CoH3NOS (315.39): caled C 76.16, H 4.15, N 4.44, S 10.17; found C 75.89, H 4.03, N 4.71, S

9.90.

(6-Chloro-2-phenylquinolin-3-yl)(phenyl)methanone (3g). Method A: from a mixture of

Ph  quinoline 1¢ (0.082 g, 0.500 mmol), acetylene 2a (0.103 g, 0.500 mmol),

Cl 4a 4\ o H,0 (0.5 mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C,
6 _ 3 48 h) quinoline 3g (0.048 g, 28%) was obtained as a white powder, mp

- 8a N 2°Ph 161-163 °C (ethanol).?>d Initial acetylene 2a was recovered (0.019 g,
! conversion was 82%).

'H, 13C NMR and IR spectra are similar to the literature data.?>d

IR (microlayer): 1666 (C=0) cm™.

'"H NMR (400.13 MHz, CDCl;): 6 8.22 (s, 1H, H-4), 8.16 (m, 1H, H-8), 7.87 (d, *Jys.u7 = 2.0 Hz,

1H, H-5), 7.74 (dd, 3Jy7ns = 9.0 Hz, 1H, H-7), 7.69 (m, 2H, H, Ph from Bz), 7.59 [m, 2H, H,

from C(2)-Ph], 7.47 (m, 1H, H, Ph from Bz), 7.32 (m, 2H, H,, Ph from Bz), 7.26 [m, 3H, H,,,

from C(2)-Ph] ppm.

3C NMR (100.62 MHz, CDCl;): 6 196.7 (C=0 from Bz), 157.8 (C-2), 146.8 (C-8a), 139.5 [C;

from C(2)-Ph], 136.9 (C; Ph from Bz), 136.6 (C-4), 133.8 (C-6), 133.6 (C, Ph from Bz), 133.2

(C-3), 132.2 (C-8), 131.4 (C-7), 130.1 [C, from C(2)-Ph], 129.4 [C,, from C(2)-Ph], 129.2 [C,

from C(2)-Ph], 128.6 (C,,,, Ph from Bz], 126.8 (C-5), 126.6 (C-4a) ppm.

Cx»H;4CINO (343.81): caled C 76.86, H 4.10, C1 10.31, N 4.07; found C 76.63, H 3.96, C1 10.26,

N 4.29.

Method C: from a mixture of quinoline 1¢ (0.163 g, 1.000 mmol), acetylene 2a (0.206 g, 1.000

mmol), H,O (0.045 g, 2.500 mmol) and KOH (0.006 g, 10 mol%) in MeCN (0.1 mL for

homogenization of reaction mixture) (rt, 336 h) quinoline 3g (0.037 g, 11%) and 1,4-

dihydroquinoline 5g (0.048 g, 12%) were obtained. Initial acetylene 2a was recovered (0.048 g,

conversion was 77%).

2-(3-Benzoyl-6-chloro-2-phenyl-1,4-dihydroquinolin-4-yl)acetaldehyde (5g). Yellow powder,

mp 195-197 °C (acetone).

IR (microlayer): 1717 (C=0), 3271 (NH) cm™".

'"H NMR (400.13 MHz, CDCl;): 6 9.83 (t, *Jy 9n10 = 5.4 Hz, 1H, H-

10), 7.26 [m, 2H, H, from C(2)-Ph], 7.22 (d, */ys.u7 = 1.5 Hz, 1H, H-

5), 7.19 (dd, *Jy7us = 8.4 Hz, 1H, H-7), 7.15 (m, 2H, H, Ph from

Bz), 7.08 [m, 1H, H, from C(2)-Ph], 7.02 [m, 1H, H, Ph from Bz;

2H, H,, from C(2)-Ph], 7.27 (m, 2H, H,, Ph from Bz), 6.85 (d, */y7.us
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= 8.4 Hz, 1H, H-8), 6.18 (br. s, 1H, NH), 4.61 (t, Jy4no = 6.4 Hz, 1H, H-4), 2.75, 2.63 (2m, 2H,
H-9) ppm.

3BC NMR (100.62 MHz, CDCly): 6 201.5 (C-10), 195.7 (C=O from Bz), 151.5 (C-8a), 140.8 (C;
Ph from Bz), 135.8 (C-2), 135.5 [C; from C(2)-Ph], 130.4 [C, from C(2)-Ph], 130.3 (C, Ph from
Bz), 129.8 (C, Ph from Bz), 129.1 [C,, from C(2)-Ph], 129.1 (C-6), 128.5 (C,, Ph from Bz; C-5),
127.6 (C-7), 127.5 [C, from C(2)-Ph], 127.2 (C-4a), 116.2 (C-8), 106.6 (C-3), 52.0 (C-9), 35.0
(C-4) ppm.

C,4H 3CINO, (387.86): calecd C 74.32, H 4.68, C1 9.14, N 3.61; found C 73.95, H 4.86, Cl1 8.77,
N 3.30.

(6-Chloro- 2-phenquu1n011n-3-yl)(furan 2-yl)methanone (3h). Method A: from a mixture of
quinoline 1c¢ (0.082 g, 0.500 mmol), acetylene 2e (0.098 g, 0.500
mmol), H,O (0.5 mL) and KOH (0.006 g, 20 mol%) in MeCN (1 mL)
(55-60 °C, 48 h) quinoline 3h (0.033 g, 20%) as a light-beige powder,
mp 129-130 °C (ethanol) and 1,4-dihydroquinoline 5h (6%, '"H NMR)
were obtained. Initial acetylene 2e was recovered (0.033 g, conversion
was 66%).

IR (microlayer): 1655 (C=0) cm!.

'"H NMR (400.13 MHz, CDCl;): 8 8.32 (s, 1H, H-4), 8.15 (d 3Ju7ms = 9.0 Hz, 1H, H-8), 7.89 (d,
4JH5,H7 =2.0 HZ lH H- 5) 7.74 (dd 3JH7,H8 =9.0 HZ JHS,H7 =2.0 HZ lH H- 7) 7.64 (m 2H H
from Ph ), 7.46 (d, 3JH4‘,H5‘ =1.5 HZ, lH, H-S'), 7.32 (m, 3H, Hm,p from Ph), 6.95 (d, 3JH3‘,H4’ =3.6
Hz, 1H, H-3"), 6.40 (dd, *Ju4 ns = 1.5 Hz, 3Jy3 na = 3.6 Hz, 1H, H-4") ppm.

3C NMR (100.62 MHz, CDCl;): 8 183.6 (C=0), 157.6 (C-2), 152.4 (C-2"), 147.7 (C-5"), 146.9
(C-8a), 139.5 (C; from Ph), 136.8 (C-4), 133.2 (C-6), 133.8 (C-3), 132.4 (C-8), 131.4 (C-7),
129.2 (C,, from Ph), 128.8 (C,, from Ph), 126.8 (C-5), 126.5 (C-4a), 120.8 (C-3"), 112.7 (C-4")
ppm.

Cy0H2CINO, (333.77): caled C 71.97, H 3.62, CI 10.62, N 4.20; found C 71.68, H 3.63, Cl
10.81, N 4.06.

Method C: from a mixture of quinoline 1¢ (0.163 g, 1.000 mmol), acetylene 2e (0.196 g, 1.000
mmol), H,O (0.090 g, 5.000 mmol) and KOH (0.006 g, 10 mol%) in MeCN (0.2 mL for
homogenization of reaction mixture) (rt, 336 h) quinoline 3h (0.035 g, 10%) and 1,4-
dihydroquinoline Sh (0.080 g, 21%) were obtained. Initial acetylene 2e was recovered (0.101 g,
conversion was 49%)).
2-(6-Chloro-3-(furan-2-carbonyl)-2-phenyl-1,4-dihydroquinolin-4-yl)acetaldehyde (Sh).
+ Yellow powder, mp 148-150 °C (acetone).

IR (microlayer): 1716 (C=0), 3299 (NH) cm-!.

'H NMR (40013 MHZ, CDCI3) 0 9.84 (t, 3.]].]9’].[10 =54 HZ, IH, H-IO),
7.34 [m, 2H, H, from C(2)-Ph], 7.25-7.15 [m, 3H H,,,, from C(2)-Ph;
2H H-5, H-7], 6.93 (m, 1H, H-5"), 6.86 (d, *Ju7ns = 8.2 Hz, 1H, H-8),
6.85 (br. s, 1H, NH), 6.54 (m, 1H, H-3"), 6.01 (m, 1H, H-4"), 4.53 (t,
3Juapo = 6.4 Hz, 1H, H-4),2.77, 2.68 (2m, 2H, H-9) ppm.

13C NMR (100.62 MHz, DMSO-d¢): 6 201.8 (C-10), 180.9 (C=0),
152.8 (C-8a), 152.3 (C-2"), 144.6 (C-5"), 136.1 (C-2), 135.6 [C; from C(2)-Ph], 129.8 [C, from
C(2)-Ph], 129.4 [C, from C(2)-Ph], 127.9 [C,, from C(2)-Ph], 127.4 (C-5), 127.1 (C-6), 126.9
(C-7), 126.8 (C-4a), 117.5 (C-3"), 115.7 (C-8), 111.2 (C-4"), 103.5 (C-3), 51.7 (C-9), 33.8 (C-4)
ppm.

CxH 6CINO; (377.82): caled C 69.94, H 4.27, C1 9.38, N 3.71; found C 69.56, H 4.13, C1 9.76,
N 3.36.

(6-Chloro-2-phenylquinolin-3-yl)(thiophen-2-yl)methanone (3i). Method A: from a mixture
of quinoline 1¢ (0.082 g, 0.500 mmol), acetylene 2f (0.106 g, 0.500 mmol), H,O (0.5 mL) and
KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline 3i (0.054 g, 31%) as a
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light-beige powder, mp 181-182 °C (ethanol), and 1,4-
dihydroquinoline 5i (4%, '"H NMR) were obtained. Initial acetylene 2f
was recovered (0.049 g, conversion was 54%).

IR (microlayer): 1641 (C=0) cm™'.

'H NMR (40013 MHZ, CDC13) 0 8.28 (S, lH, H-4), 8.16 (d, 3JH7,H8 =
9.0 Hz, 1H, H-8), 7.87 (d, *Jysu7 = 2.0 Hz, 1H, H-5), 7.75 (dd, 1H, H-
7), 7.67 (m, 2H, H, from Ph ), 7.65 (d, *Juyus = 5.0 Hz, 1H, H-3"),
7.35 (m, 3H, H,,, from Ph), 7.31 (d, 1H, H-5"), 6.99 (dd, *Jys s = 3.8 Hz, 1H, H-4') ppm.

3C NMR (100.62 MHz, CDCl;): 3 188.5 (C=0), 157.3 (C-2), 146.9 (C-8a), 144.2 (C-2"), 139.4
(C; from Ph), 136.3 (C-4), 135.7 (C-5"), 135.6 (C-3"), 133.6 (C-6), 133.3 (C-3), 132.3 (C-8),
131.4 (C-7), 129.3 (C,, from Ph), 128.7 (C,, from Ph), 128.4 (C-4'), 126.8 (C-5), 126.4 (C-4a)
ppm.

C10H,CINOS (349.83): caled C 68.67, H 3.46, C1 10.13, N 4.00, S 9.17; found: C 68.37, H 3.31,
Cl10.41, N 4.24, S 8.82.

Method C: from a mixture of quinoline 1¢ (0.163 g, 1.000 mmol), acetylene 2f (0.212 g, 1.000
mmol), H,O (0.090 g, 5.000 mmol) and KOH (0.006 g, 10 mol%) in MeCN (0.2 mL for
homogenization of reaction mixture) (rt, 336 h) quinoline 3i (0.045 g, 52%) and 1,4-
dihydroquinoline Si (0.044 g, 46%) were obtained. Initial acetylene 2f was recovered (0.124 g,
conversion was 42%).

2-(6- Chlor0-2-phenyl -3-(thiophene-2-carbonyl)-1,4-dihydroquinolin-4-yl)acetaldehyde (5i).
. Dark-yellow powder, mp 152-154 °C (ether).

IR (microlayer): 1718 (C=0), 3288 (NH) cm™'.

'H NMR (40013 MHZ, CDC13) 4 9.80 (t, 3JH9,H10 =54 HZ, 1H, H-lO),
7.29 [m, 2H, H, from C(2)-Ph], 7.22 (d, “Jysu7; = 1.5 Hz, 1H, H-5),
7.20-7.10 [m, 3H H,,, from C(2)-Ph; 2H, H-3', H-7], 7.00 (br. s, 1H,
NH), 6.89 (d, *Jy7us = 8.4 Hz, 1H, H-8), 6.86 (m, 1H, H-5"), 6.50 (m,
1H, H-4"), 4.49 (t, *Jyano = 6.4 Hz, 1H, H-4), 2.73, 2.65 (2m, 2H, H-9)
ppm.

BC NMR (100.62 MHz, CDCl5): 6 201.6 (C-10), 187.4 (C=0), 149.9 (C-8a), 145.4 (C-2"), 136.0
(C-2), 135.6 [C; from C(2)-Ph], 132.8 (C-3"), 131.5 (C-5"), 130.4 [C, from C(2)-Ph], 129.4 [C,
from C(2)-Ph], 128.9 (C-6), 128.7 [C,, from C(2)-Ph], 128.3 (C-5), 127.6 (C-7), 126.9 (C-4a),
126.7 (C-4"), 116.4 (C-8), 106.6 (C-3), 51.8 (C-9), 35.4 (C-4) ppm.

CH 6CINO; (393.89): caled C 67.08, H 4.09, CI 9.00, N 3.56, S 8.14; found C 67.47, H 4.46,
C18.67,N 3.30, S 8.17.

(6-Methoxy-2-phenylquinolin-3-yl)(phenyl)methanone (3j).

Method A: from a mixture of quinoline 1d (0.080 g, 0.500 mmol),
acetylene 2a (0.103 g, 0.500 mmol), H,O (0.5 mL) and KOH (0.006 g,
6 3 "0 20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline 3j (0.105 g,
62%) was obtained as a white powder, mp 157-159 °C (hexane). Initial
acetylene 2a was recovered (0.016 g, conversion was 84%).

IR (microlayer): 1663 (C=0) cm!.

"H NMR (400.13 MHz, CDCl;): 6 8.17 (s, 1H, H-4), 8.10 (d, *Ju7us = 9.2 Hz, 1H, H-8), 7.67 [m,
2H, H, Ph from C(2)-Ph], 7.58 (m, 2H, H, from Bz), 7.44 (dd, *Jy7ns = 9.2 Hz, “Jys 7 = 2.6 Hz,
1H, H-7), 7.40 (m, 1H, H, Ph from Bz), 7.33-7.17 [m, 5H, H,, ,, ,,» Ph from Bz and C(2)-Ph], 7.09
(d, *“Jys 7 = 2.6 Hz, 1H, H-5), 3.87 (s, 3H, OMe) ppm.

3C NMR (100.62 MHz, CDCl): & 197.2 (C=0), 158.4 (C-6), 155.0 (C-2), 144.6 (C-8a), 139.8
[C; from C(2)-Ph], 137.1 (C; from Bz), 136.3 (C-4), 133.3 (C, from Bz), 133.0 (C-3), 131.1 (C-
8), 130.0 [C, from C(2)-Ph], 129.2 [C,, from C(2)-Ph], 128.6 [C, from C(2)-Ph], 128.4 (C,,,
from Bz), 126.9 (C-4a), 124.1 (C-7), 105.3 (C-5), 55.7 (OMe) ppm.

Cx3H17NO; (339.39): caled C 81.40, H 5.05, N 4.13; found C 81.01, H 4.79, N 3.79.

Ph
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(6-Methoxy-2-phenylquinolin-3-yl)(3-methoxyphenyl)methanone (3k).

Method A: from a mixture of quinoline 1d (0.080 g, 0.500
OMe mmol), acetylene 2¢ (0.118 g, 0.500 mmol), H,O (0.5 mL) and
' KOH (0.006 g, 20 mol%) in MeCN (1 mL) (55-60 °C, 24 h)
quinoline 3k (0.083 g, 45%) was obtained as a white powder, mp
185-187 °C (MeCN). Initial acetylene 2¢ was recovered (0.004 g,
conversion was 97%).

IR (microlayer): 1664 (C=0) cm’!.

'"H NMR (400.13 MHz, CDCls): & 8.19 (s, 1H, H-4), 8.11 (d,
jJ’L]H7 JH8 — =9.2 HZ lH H- 8) 7.58 [m 2H H Ph from C(2) Ph] 7.46 (dd 3JH7H8 9.2 HZ JHS JH7
=2.6 Hz, 1H, H-7), 7.32-7.17 [m, 3H, H-2’, H-5’, H-6"; 3H, H,,, from C(2)-Ph], 7.12 (d, *Jus n7
=2.6 Hz, 1H, H-5), 7.00 (m, 1H, H-4"), 3.92 (s, 3H, OMe), 3.75 (s, 3H, OMe’) ppm.

BC NMR (100.62 MHz, CDCl;): 6 197.1 (C=0), 159.7 (C-3”), 158.5 (C-6), 155.1 (C-2), 144.7
(C-8a), 139.9 [C; from C(2)-Ph], 138.6 (C-1°), 136.3 (C-4), 133.2 (C-3), 131.2 (C-8), 129.5 (C-
57), 129.3 [C, from C(2)-Ph], 128.7 [C,, from C(2)-Ph],128.5 [C,, from C(2)-Ph], 126.9 (C-4a),
124.2 (C-7), 123.3 (C-6"), 120.2 (C-4’), 113.8 (C-2"), 105.4 (C-5), 55.8 (OMe), 55.6 (OMe’)
ppm.

C4H19NOj3 (369.42): caled C 78.03, H 5.18, N 3.79; found C 78.04, H 5.00, N 3.64.

(6-Methoxy- 2-phenquu1n011n-3-yl)(thlophen-2-yl)methan0ne @a3D).

Method A: from a mixture of quinoline 1d (0.080 g, 0.500 mmol),
acetylene 2f (0.106 g, 0.500 mmol), H,O (0.5 mL) and KOH (0.006 g,
20 mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline 31 (0.092 g,
53%) was obtained as a white powder, mp 188-190 °C (MeCN).

IR (microlayer): 1640 (C=0) cm™'.

"H NMR (400.13 MHz, CDCl;): 6 8.24 (s, 1H, H-4), 8.10 (d, *Jy7us =
9.2 Hz, 1H, H-8), 7.65 [m, 2H, H, from C(2)-Ph], 7.60 (d, *Jus4 us* =
4.8 Hz, 1H, H-5"), 7.45 (m, *Jy7ns = 9.2 Hz, *Jys 7 = 2.3 Hz, 1H, H-7), 7.35-7.25 [m, 1H, H-3";
3H, H,,, Ph from C(2)-Ph], 7.12 (d, “/usn7 = 2.3 Hz, 1H, H-5), 6.95 (m, 1H, H-4"), 3.92 (s, 3H,
OMe) ppm.

BC NMR (100.62 MHz, CDCls): 8 189.2 (C=0), 158.5 (C-6), 154.6 (C-2), 144.7 (C-8a), 144.5
(C-2"), 139.8 [C; from C(2)-Ph], 135.9 (C-4), 135.5 (C-5"), 135.3 (C-3"), 133.0 (C-3), 131.2 (C-8),
129.2 [C, from C(2)-Ph], 128.7 [C, from C(2)-Ph], 128.6 [C,, from C(2)-Ph], 128.2 (C-4’), 126.9
(C-4a), 124.2 (C-7), 105.3 (C-5), 55.8 (OMe) ppm.

C,1H 5NO,S (345.42): caled C 73.02, H 4.38, N 4.06, S 9.28; found C 72.97, H 4.25, N 3.98, S
9.65.

(5-(Methylthio)-2-phenylquinolin-3-yl)(phenyl)methanone (3m).
SMe Ph  Method A: from a mixture of quinoline 1e (0.088 g, 0.500 mmol), acetylene
S\Ja i o 2a (0.103 g, 0.500 mmol), H,O (0.5 mL) and KOH (0.006 g, 20 mol%) in
6 P 3 MeCN (1 mL) (55-60 °C, 48 h) quinoline 3m (0.090 g, 51%) was obtained
7 saN“2°Ph as a yellow oil (80% purity according 1H NMR). Initial acetylene 2a was
8 recovered (0.004 g, conversion was 96%).
IR (microlayer): 1663 (C=0) cm!.
"H NMR (400.13 MHz, CDCl;): 8 8.75 (s, 1H, H-4), 8.04 (d, Jy71s = 8.4 Hz, 1H, H-8), 7.74 (4,
3Murns = 8.4 Hz, 3Jyen7 = 8.4 Hz, 1H, H-7), 7.71 [m, 2H, H, Ph from C(2)-Ph], 7.61 (m, 2H, H,
from Bz), 7.48 (d, *Jueu7 = 8.4 Hz, 1H, H-6), 7.46 (m, 1H, H, Ph from Bz), 7.35-7.25 [m, 2H,
H,, Ph from Bz; 3H, H,,, from C(2)-Ph], 2.58 (s, 3H, SMe) ppm.
BC NMR (100.62 MHz, CDCl3): 8 196.8 (C=0), 157.6 (C-2), 148.6 (C-8a), 139.5 [C; from C(2)-
Ph], 137.3 (C-5), 137.0 (C; Ph from Bz), 134.3 (C-4), 133.4 (C, Ph from Bz), 132.5 (C-3), 130.9
(C-7), 130.1 [C, from C(2)-Ph], 129.3 [C,, from C(2)-Ph], 129.0 [C, from C(2)-Ph], 128.5 (C,
Ph from Bz), 127.2 (C-8), 124.8 (C-6), 124.7 (C-4a), 16.5 (SMe) ppm.
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(5-(Methylthio)- 2-phenquu1n011n-3-yl)(th10phen 2-yl)methanone (3n).

' Method A: from a mixture of quinoline le (0.088 g, 0.500 mmol),
acetylene 2f (0.106 g, 0.500 mmol), H,O (0.5 mL) and KOH (0.006 g, 20
mol%) in MeCN (1 mL) (55-60 °C, 48 h) quinoline 3n (0.068 g, 38%)
was obtained as a white powder, mp 138-140 °C (acetone). Initial
acetylene 2f was recovered (0.026 g, conversion was 75%).
IR (microlayer): 1642 (C=0) cm™'.
'H NMR (40013 MHZ, CDC13) 4 8.80 (S, IH, H-4), 8.02 (d, 3JH7,H8 =8.4
Hz, 1H, H-8), 7.74 (t, 3Ju7us = 8.4 Hz, 3Jye 7 = 8.4 Hz, 1H, H-7), 7.69 [m, 2H, H, from C(2)-
Ph], 7.65 (m, 1H, H-5"), 7.47 (d, *Jue 7 = 8.4 Hz, 1H, H-6), 7.33 [m, 3H, H,,, from C(2)-Ph; 1H,
H-3], 6.99 (m, 1H, H-4"), 2.59 (s, 3H, SMe) ppm.
3BC NMR (100.62 MHz, CDCl5): 8 188.8 (C=0), 157.3 (C-2), 148.8 (C-8a), 144.5 (C-2"), 139.5
[C; from C(2)-Ph], 137.4(C-5), 135.6 (C-5"), 135.4 (C-3”), 134.1 (C-4), 132.4 (C-3), 131.0 (C-7),
129.3 [C, from C(2)-Ph], 129.2 [C, from C(2)-Ph], 128.7 [C,, from C(2)-Ph], 128.4 (C-4’), 127.3
(C-8), 125.1 (C-6), 124.8 (C-4a), 16.7 (SMe) ppm.
C,1H5NOS; (361.48): caled C 69.78, H 4.18, N 3.87, S 17.74; found C 70.19, H 4.07, N 3.55, S
17.48.

2-Phenylquinoline-3-carbonitrile (30). From a mixture of quinoline 1a (0.129 g, 1.000 mmol),
5402 CoN acetylene 2g (0.127 g, 1.000 mmol), H,O (0.090 g, 5.000 mmol) and KOH

GW (0.012 g, 20 mol%) in MeCN (0.5 mL for the homogenization of reaction

mixture) (55-60 °C, 6 h) quinoline 30 (0.042 g, 18%) was obtained as a white

powder, mp 197-198 °C (ethanol).?>d

'H, 3C NMR and IR spectra are similar to the literature data.?>d

IR (microlayer): 1618 (C=C), 2219 (CN) cm!.

"H NMR (400.13 MHz, CDCl;): 6 8.66 (s, 1H, H-4), 8.19 (m, 1H, H-8), 7.99 (m, 2H, H, from

Ph), 7.87 (m, 1H, H-7), 7.90 (m, 1H, H-5), 7.65 (m, 1H, H-6), 7.56 (m, 3H, H,,, from Ph) ppm.

3C NMR (100.62 MHz, CDCl5): 8 158.2 (C-2), 148.9 (C-8a), 144.3 (C-4), 137.8 (C; from Ph),

133.1 (C, from Ph), 130.2 (C-7), 130.1 (C-8), 129.3 (C, from Ph), 128.9 (C,, from Ph), 128.2 (C-

5), 127.9 (C-6), 125.2 (C-4a), 118.1 (CN), 105.8 (C-3) ppm.

Ci6H10N; (230.27): caled C 83.46, H 4.38, N 12.17; found C 83.21, H4.12, N 12.57.

—
7 ga N 2 Ph
8 4

6-Chloro- 2-phenquuinoline-3-carb0nitrile (3p). From a mixture of quinoline 1¢ (0.163 g,

cl 5 4a cn 1000 mmol), acetylene 2g (0.127 g, 1.000 mmol), H,O (0.090 g, 5.000
6 3 mmol) and KOH (0.012 g, 20 mol%) in MeCN (0.5 mL for the

homogenization of reaction mixture) (55-60 °C, 16 h) quinoline 3p (0.047

g, 18%) was obtained as a white powder, mp 197-198 °C (ethanol).?b4

'H, 3C NMR and IR spectra are similar to the literature data.?®4

IR (KBr): 1691 (C=C), 2217 (CN) cm'!.

"H NMR (400.13 MHz, CDCl;): & 8.54 (s, 1H, H-4), 8.12 (d, *Ju7.us = 8.8 Hz, 1H, H-8), 7.97 (m,

2H, H, from Ph), 7.79 (d, 3Ju7ns = 8.8 Hz, 1H, H-7), 7.86 (s, 1H, H-5), 7.54 (m, 3H, H,,, from

Ph) ppm.

13C NMR (100.62 MHz, CDCl;): 6 158.3 (C-2), 147.2 (C-8a), 143.2 (C-4), 137.4 (C; from Ph),

134.2 (C-6), 134.0 (C, from Ph), 130.5 (C-7), 131.7 (C-8), 129.3 (C, from Ph), 128.9 (C,, from

Ph), 126.4 (C-5), 125.7 (C-4a), 117.6 (CN), 106.8 (C-3) ppm.

Ci16HoCIN; (264.71): caled C 72.60, H 3.43, CI 13.39, N, 10.58; found C 72.48, H 3.37, N 13.39,

Cl10.72.

~
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8 "y

S9



500 ]
1
o
L
€L =]
veL L~ =t
veL ~
STLAE _— 9
9TL— E—
e — FS6'S | o n
- —_— L@ -
6 - — N
€L
[ 7 lj\
3 N | <
Wi (AN N
[t AVUW”\
e — 71
Sv'L W n in
|- —/. o~
85, Mw
A E—— S
1907 ———— [~ =
wel 3
89~ _
0l ~ e — [N 10
o N — T~ ©
T
8L L _ id z
08~ / _ =~ Tq LR o
08, ! <+
we” U
- ——
/L, / —— To; .
88, Lo "
<
L . 5
€L o SR
€L U
vTL el
ves -
sL F o 0
9L wn
LT,
62
. o~
e ra— S °
— 5
WL v — fJ \A)Tf 4 v
WL -
€L . — Lo
e 16— J \ATQ e E "
85, N 0
65
65 | <«
19 % o
294 ~
892
89°L _ .
ors = Ese's
sLL —_— —_——— T n
08'L _ = #E N
08, —_— m\o:
wL— = - = Wwo.ﬁ
98'L \ Ey e
88, S %
ws 1
vT'8 > P— E€0T
109 - (@) - 00T "
o o ®
\ \ g
()}
Z ®©
™
in
a
hel
&
-
T o
= =

'"H NMR spectrum of 3a

907 —
wn
o~
- o
FS
. _ ©
£6'521 S
o
~ o
t
e — —
&
17821 — - - -
€b'8et e
L'8TT P B
268217 B —
. —_——
62T — =
18°671 — — =] ¥
900ET — S — a
-
o
H F
vTIET — - -
o
3
= F3
~M
TO'EET — —— up
LEEET — E— pad
o
& FR
3
[N "
91 NN\ ™ °
8v'LL — @
L
N &
TTLET — -— -
b9 LET — © =
(=]
o™ 3
i s
o
b
(o)}
(2]
- S
88667 — — g I
€6'521 hA
ezt
17'821 — IS
£p'82T - -
L¥'8TT
26'821 [—
2621 b g
062 = e )
90°0€T \
YT IET
o€l I [ — -
TEET ——— e
et
b9'LET
88°6€T
05°86T — | 2
a
£5'451 — o
O
O -
ey ey
[a [a °
|_——
S
/N © o
(3] rs
=2
=
«rlu (=3
[} [ w
)
o
9961 — °
N Lo

13C NMR spectrum of 3a

S10



500 — e
1
=
<
M-
1
F e
b N
e~
9TT— o 3 —z0€
~
n
0L~ = [ co: F ol
80 JH N
2 o
€04~ — ~ [ ™
08
23 _ ] i
< el ™ -
eer” . F ooy
vl ~
9L N AL L
8 Lt =
05, — [ L2
P—
79" W / E— \MW h
ss'L -
s — m)
65°L M L H
N —_—] Ro
AN / — JTO.N ~E _
VAN . I
6L~ / Hot | 2 o2
18, L 2
v8L / “——= |~o1
we’ - 2
n
[
90°L o
80° 9
€L
0€'L — L <
[ £ S
€€
ez - _ /
b 0c8— / \MTQ in
o' ] s ] Lo
) — ————— -
8v° @8 —~ —JFoot
05°¢
5L
sscf L2
£8°L — E60C
65°L W 16'C
LA , T
mu.fw —_ s |0
. _
we a— ot [
6L'L - ES0T
8L~ E— £z01
v8L] Aot | o
L8°L [~ o
078~ .
ws— — | pootr
o/ 00T
'8 "
[ o
o
K o
1
[ o
=2
€
-
I
S

"H NMR spectrum of 3b

2
-~ b
18°521 — —— 9 \W o
R - -
~ -
|- n =
1702 — —] Lg
se1z— 3
— I~ m 3
L — -
75821 — IU - W L3
] =
. =
£6'671 3 E
LT e = £g
STOET— e -
orTer — R \\N\ = o
o
L™
a- =
g W (o]
P = F©
s62€1 — — Loz =
P EET— 3
<
| B -~
¥8'9L "
R R o
8vLL W S
o E
L™
i z
~ = o
so7ET ~ JE
Z = z
@ S=
o<
|- B = =
bl
26'86T — — L& E o
a “
i
19821 = W
e -
81871 —Z | g
258zl S
9z6z1
£6Z1 /ﬁ =
8L621 S
sToeT = ¥ L8
o1~ —
9T'TIET 7 —
s6zET \ =
opEeT o
S0°LET L
<233 ==
s'LET ;
26'8ET (] =
T58rT — S - W L m
=
15251 — \ im o
o) -8
S
< =
o =
= °
=~
N S
™ =)
7/ e
- o
o = Lo
2 = Z
b
| 3
x.ﬁmﬁ - - =
2 F s

3C NMR spectrum of 3b

S11



o 66'9 pd
500 mm.m/ \ —
61°L o
0z / == [90TF
a0 L @
sTL °©
9T'L o ~
8TLAE —_— 9L <
0EL— — [~
S.m\ «
[ F o
st . "
65, L2
09°L — . -
—— =]
Tov == rose| oF
[43
we S
6rL\ / == sl ® A
8L I ~
mw&\ / — [96°0 "
8¢ F &
o
[ o
o
~ F
€28 1
S — 00’7
62'8 \ J in
< Il
-
- .
vre— Eere
3 o
[ <
n
[ <
=
oz
2=
z
1
[ w:n
<
669 Fo
669
10
6T°L
0z L M
e
sTL
oTL
e —1 . o
0c'L _ P
e T Tos
we’ "
RN [ _ _ S
65°L — St Tm.m
09°L o - 7T
197 M == 60
9L 2
5 (0] [ o
we
6LL = ~ — 484
182 (e} ~ = 0T
s8'L 1_ |
L8°L @
1o @)
fxat] <
678 o o
o
7\, L
Z ™ |
he) o
€
-
I
=1

"H NMR spectrum of 3¢

T8'SeT —

9€LeT —

61'821 —
05821~

€6'8CT ~

>

[
SE°621 x
LY 60T~ —

9L°6CT ~

—

N
:

130 129 128 127 126

181

f1 (ma)

il

=_

i

i

58S —

STTIET —

—

32

il

¥8'9L N

b6'ZET —

133

WWMWW

IT'LL
8b'LL 7

6LETT 1
61°02T A
9TeTT J/
ﬁw.mNﬁJ
9E°£TT
61871

"

o

05821 |
6821 |
SE'62T
L1671

SC6CT—
STIEL
vezer
85°LET ~_
9b'8ET —
v86e1

T8PT —

TSLST—
TL6ST —

T
100
f1 (mn)

BC NMR spectrum of 3¢

O /OMe

S12



500 — °
n
ro
~N
1TL~C \M\|\ N
£TL—= —_—— .
e — Fere | o
9L " -
L 1
n
- F e
r~ A
o
LM L " —4 [~
€5 \ _ T ~
SSL~ — T:.N -
ssc” J L2
o
r~
9L~ —
b9 — / \% T:
99°L — LS
B N o
7L — — — o~
€L — — ce
J 1 n
(3= [e
FRg
N — =
9MBL~ —— 18 hat o
98LT — o <
6L — .
mzN ﬁT 1 .
o <
[ 5
08 — —_— -~
'8 — - .
908 / Tﬁ ¢ oF
L [ w>
[ pud
N Fa
[~
v — ——_— .
or'g — / \nﬁTﬁ ' °
Lo re
. i "
b o
bbg — f —_———— 001
o
7L ﬁ Feo EES
€L
YL 5 EST'E
e ‘W "
Mm.N/ - o~
ssL-T D — Bgrz | N
X [— —
sscf _ Rort
[ = 2z
—
vo.ﬂ W p— Rert o
st _ 1 [ o
e B — v
€LL ﬁ S = ‘\“Jﬁ.ﬁ
v8'L - B 00T | 1n
ww.n“ [ Lo
98,
88° ] 02 O
€6 ] =
mm.& Z o L2
v0'8 ]
90°8 ]
ve'g
e \ \_ T -
] Z ™ Fo
b's e
2
p
T o
=1 L&

"H NMR spectrum of 3d

]
o
N
05°€21 — —_—————— -
o~
q
n
o~
S
o
96'521 — -—— I
~
o~
q
g
1007 — —] QE
Anl
bb'8eT — - -
9282 &
6£°671 -
LY'6CT — —_—
S8'62T ~— 2
2
95°0€T — “Aﬁ
o™
b
£8'TET ~ B o
Y6TET— 2
5 ()
v8'oL ]
_ar-
SEiL
8v'LL W
W g
o
W\ 3
L8
2
= =
= )
= E
= =
os°€21 =_
96521 =
ween = o
b'8zT LS
9,821 =
€621
1y6zt —=
58671 ~& = R
95°0£1 — — a
TgTET
Y6 TET
T19°8ET ~
65661 — — = S
06141~ m
veehl ~ — 3
50'051— = [
60°LST — |W
(=]
S /NP = T
7\ // <
z— D o
—_— o
=~
E 5
7/ N\, B
< Z
W .
|- ©
2
. ” M = 3
< — = re
-
ohser —
B —— L %

3C NMR spectrum of 3d

S13



H1fa g ARCIZ8EBRAARSRTE g
T RGNy
\ YRy NV oH OH
|
‘ NO
NO 2
‘/ ‘\ % ! 2 4d
I |
v / -
T g g
.3‘ 8‘.2‘ 8‘.1‘ 8‘.0‘ 7.9 7‘.6‘ 7‘.5‘ 7‘.4‘ 7‘.3‘ 7.0‘ t; ‘ 6‘.8
MA)
1 JU uJ s At
g PEEIECI
17 || 2 ou b 7 e a3 2 : 0
f1 (ma)
"H NMR spectrum of 4d
13C_1.fc% 8| g 283208 5 24z
T T VS T V
8 o SBS 8
Ph
| I
N 02 N02 VAN A MMWWJ A
4d T T T
135 130 125

Wil

§4

f1 (Ma)

o o AN i

00 190

170

160

T T
40 130

T T T T T
100 90 80 70 60

f1 (ma)

13C NMR spectrum of 4d

S14



500 — S
1
o =]
N
~
TL— —— n o
9TLN 1‘\|\w S n e
LN [
——_— o
874 <L —— toe| @ -
pe nj 2 !
6T L -
ocs ] n
0c'L M~
90T 0e’L L2
mo.NW 0£'L \ ) =l Tsero [N
- 4373 Y
60 - = N
WL 7 501
WL n
< F
[~
o
L wn =}
L~ — ~ /
€54~ ] N -
vsL i i T
Go L — / e N m\ n
™
L8
~ e
] L e en
¥9L— — - 3 A\ Gy
P— 1071 &
99, — — ] o
€697 | R in m
€69 IN <
€69
o] o B n
2] it —=..I% 3 5
> =——___ ot ™ oz
€L oL —_ Fas O
9z'L 8LL— | ° o O
7L F2 n
8T,
872 €84\ 4 o
s ] b8 — —_— 3 o
putvll S8 e Jo0T[
oez 98¢ R N
0€°2 S <
0e° ﬁ Fe ro H
0e°
—
€L
Wi # — = E0T
n
e 4 La
[
€5°2
v5L 7"
sz — ] F860 | o
¥9°L M ~
99°2 _
vl = EbLE
oL _ —=| ©®S07T | i
e 3 —_ —— Fv01 [N
8L LA\ _ st 2 X4
£8°L\E —_— S F90°T
YL — Foor | o
S8 u\ [
98'L
8T8 — —_— —_— ———1— T 00t
9e'g — 00T |,
[ o
<
o o
[
\ zZ 0 | w0
o ™ o
€
-
I
S

16T — \]WJW
z=
3 °
=1
W o
3 e
LS — -— © =
LS £
N -
= o
3 ™
z
~ £
L N
. _ - = o
seier— ——] ; L2
@ =
- 1 [~ Lo
oT'8er 7 T — 3 o
62821 7 - — ) B
6e8et —_] £ =
8821~ - i =
U671~ — i ; Fe
79°62T — —
Q o
ra 3 R
=
v8'9L Es
E.RW °
8v'LL L m = F®
9T TET — — z
3
3 | o
T6TET — -— L& 2 B
a =
E =T
E =
= hed
3
=z o
[2%ai = o
60zt \ = -
SL°STT
sz
9T'82T =z S
62'81 = -
6£°8T E
8,81
ezt - -
29621 — - Fa
9TTET W =
T6'TET m
$9LET — = o
P86ET — _—_— = Y
A
oLyl — e — o
evapt = L3
Sb'Z§T— —_—F
TT°L8T— — o
3 Lo
N ES
_ o 3 o
/ 3 L8
\ [ 3
p 3 3
™ E ra
=
9L°€81 — 3
PRI
y/ZER\N o
z < 7 -
2 ]
1_, /|\| =
J E
@ =
a z

3C NMR spectrum of 3e

S15



0.(

o
500 —
mod\
500 . P
in 68'9 i
S 68'9
069
& 169~
¥ o
[ © VL | o
©o
3 S vzl ]
vm.o/ / % - oy
6'9 =q{[0eT| R Fee o
o F ] Lo - €T .
o — 87 g ~
569 i in 9zt -
i Br—o = 9T'L
9= ) 7 F2 E e
~ L o
o szl L2
S N 8TL
S. .
— o oL
pT— N ~N 120 om.uv
L n

. H 6 | —_—
85°C 80s ° " . i
65T . —Hger| = N .

o e N —==] 152
€97~ LU B i TN.N 15,

F = €5, o
€T o = : <
seT I o €5,

. ~NZ © bS'L
we A
8LT ™ bl 68'9 vS'L

E.N/ﬂ o J <] 689 mmm P
07 T “~Heov[ R n 069 Ee i
[4/AN O - © 16'9 "
vTL vzl 992
YL — [ D 1z, mm.m o
BN o W sce L9 Lo
_DHoet T 4 9L ot
zL— © O 9L 89'L
I 0 oTL 897
a .
bt © [~ o 9z'L NNM | M
O ——== 0T | 7L YL
:\vW — < m ey vir
£bb bEL ﬁ i 0r7 N
- — — . .
vEL —, ~ = Lnlv. ey 6L, = o3
mm.m — ﬂua.p S O oee 08z L
o =] o QLo 8L
8€L | 9 bl Py 287 -
~ S . [~
15 "
s Gl | &
5 " —— 10"
[} Lo
M €s'¢ sre 7 ~ — o
€5 0z'8 R
bs'L | o
: | ™
10°9 ] IS} bl 678~ . I oo |32
o — ———| ES0T [ © ool 578
No,ww. — S5
209 o] .,
n 99°Z @
|m . ) 99°2
959> — ——[ =0t o¢ ]
159" e i
o m /0CT 89~ r~
w9 ——— 0 Feer [ = 89°L Y -
Gk — p— E8ST =3 .
69 — —— Fodl ves ) Nkw )

” = 2061 [ pere |2
o Ngez | 0 oL —_ — ek
wo&u " m = ————— 1 E801
or'z m y = .

] % 08'L = =201
s g 8L 7 < o
812 ] @) (@) 3 o 8 Fo
ON.NL e 3 - < /T8 B -
wL ] _ o ore - o
ves ] ore i
.VN&L i " oN.m\ P
Ve - ) 678
ves ] — o o e N -

YL
9€°L 0 _ \ o L M
YA Ol ,
Y -
Z @ Lo
ol o
o pe)
2 E
1m I
£ —
=1

'"H NMR spectrum of 3f

S16



—
=
3 o
3 =1
E o
o~
- o
(0]
n -
1 _
S E
85521 — - Si © o
R S E F
3 N 3
o
z 2Tt S
€0'82T U © 3 il
$1°82T A e 3
8€°82T —
£8'821 — - 2
=
9T'6TT — E 3
95621 — = g
= 3
. 8e R
£TTEr —  — a2y
z
o o
89 ) 3
SN a _3
8v/L 09'z€T — \i o - 8
o} 3
M £
— o
o
n
@ |
—
E =
O
— 3 —
z
~
- — ]
= o
3
i
85°S¢T
praias
£0'821 S
p1'8eT 4 ]
8€°8eT
€8'8¢1
91621 i =
95°62T ~& | 2
€TTEr — =l a
09°zer "~ =
Foer—
£€°SET 2
$O°LET \ — -
$9:65T
FEEE s
E
2
;
1] o - 3
_ o M g
o
A\Y =
Z &
™ L
3 o
7 N\ )
g8T— /[\ = o
2

13C_.1.fid

o
Y
3
1
o
<
=
N
~
KIS _ ——] )
9tL _ in
09'1 LT T %&.N — Euo |~
- e _ g -
s _ — N
s R — b1z
V2 —- o
vEL C ol
Pz — \ N - Eeoo
~
[TA — [ w©
e — / \M Lot N
o — wn
T ™~
o
[
852 ~\_ _
09~ = ozl 2
09" -
BNW L@
89,
o 89/ — / S
59 S T
en oL Z o
G mz\ = r<
o vl
st
m oL "
m 98~ N
= @8 3 o
Q 1 N =
(] RS
[oF e
n o
o V2L p
o2+ i
M 97, [ w©
LA
027 -
e & .
ves ] Fe
'L sTg— — o
e o] re— / ]
8v'L ] b ;
b 0
85 s — - — ~ oot -3
092 —
092 ]
1921 I
89°Z © L e
89'/ N
692 .
oL e — bw.w
€L .
vLL T @) — Fat Lo
ssL = WX_.N
oL T ————=C 20
8L Ul o B 01
18 3 Tes L M
ma.m/ .
8= h— \ FooT |
s’ = 00T
o) n
™ [
7 \ o
o
— n
(@] [
=2
&
e
I
E

'H NMR spectrum of 3g

S17



60—

§§°9CT ~
L0921

fa—
09°8¢T ‘

02°621 ~
og6er
80°0ET ~ _

THTET—

0C°ZeET —

6T EET ~
POEET ~

f1 (Mn)

A s

¥8'9L
9T'LL W

8vLL

§§°9CT
L9t
09°8ZT
0z'6ZT
9E°6CT
80°0€T /

28EEF

T9'9€T —
T6°9€T —

Ly

T
60

137 136 135 134 133 132|131 130 129 128 127 126

70

80

il i

09T
19T
[Ax4
[Ax4
v9T
¥9'C
89T
99T
we
we
€LT
vLT
9T
9T
744
8LCT

2897
v8'9—
989~
689
169

o\

00°Z
00°Z
00°Z
20°Z

s

=450

W_VVNN.N

100 90

f1 (mp)

110

0L
0L W
0L —
90°L ~_
80°L

AN
pTL

ST
oL
oL
JAVANT

8T'L~_
61L—

/

e

f1 (ma)

F£0'T

120

3C NMR spectrum of 3g

WIET b
07TET L
6T°EET —
voEET \.
zgeet
19°9€T
T6°9€T \
b 6ET
£8°95T —

LLLST—

Ph
Ph

130

140

wL—"

€TLF
x4
vTL
vTL
e
e

7.30 7.25 [7.20 7.15 7.10 7.05 7J00 6.95 6.90 6.85 6.80 6.75

6°0
T
(44
B €€

6°0

i
160 150

39
«wwww
170

180

96T —

1%_.1.fid

Cl

|
o
190

I

-

Diisfid
aed
\V

Cl

A

€T
AN

E00'T

S18

2.0

2.5

3.5 3.0

4.0

4.5

T
5.0
f1 (mn)

'H NMR spectrum of 5g

6.0 5.5

6.5

%\




Lozt —
(AN
85°L21 —
Lv°821

PSS

ET'6ZT ~
TT6cT w

9€°6CT \

YL 62T

60°0€T
9C°0ET

Wi

|

"

.v'

1
\

135 134|133 1Bp 131 130 129 128 127 126

O ‘e
O &N
on
— g
~ ©
Y H
\O m
N
—
Love— scoet - \L & - M/-. Q.
s < = -
Tz — = [ —— ¥ o
M W\ —
TTEET ~ . r =
IIEET=C p— —— rg— 007 %
1615 — L r 'M S —
= F -
r o0
LrSET— - g — NS
=T E .mm -
T99ET 7z - 2 = u
9El ™ - = . ~ o~
0691 — dw Lo W Le WA -
. = — \©
89, = .00
8b'LL g &N
> % —
B s ™ N
3 [ v
S AN
— —
P gz .
= —Zz
E - g
95'90T — = Wc o)
le ‘»n N
A —
zorT — awbl
L2921 < :
1 O S
orreT -
85221 a oM
?.wﬁ/r <
09821 = s —— 2 ~
creet -f = o o0 <+
17621 JE W .
o6zt L —
voeet o m.lv on
60061 =
ST0ET ] o .
8€°0€T
Ob'TET ° m 2
17zen ] m [\l
Teeet - on
99°¢€1 G —
Te°e€T SIS
75ET]
ssse1 m N
19°9€T m )
06'9¢1
2661 = B
LL°0bT %
£8°9%1 o
15167 3 o
2 en
=
-
Z
h=4 on
Eas6T ~ Mp o
8596t = lg @& —
froe— B = o

o0 <4 [ 0
L
o
<
-
669\ ; <« =
b9 ~ —Joit s =
or'9 ) n n
or'9 . © F e
; O
G003
| S o
) M~
i 0
§ [t}
I
) n
Y69~ o o [
569 S
~
-
: o
~ -
YL F e
. / ~
ngk/ - ~
L PN
- - = e[ NE < n
€L = eoe 5 ro
ver %=
SvZ — T~
ozw. ,[ \AM\J$N T
9L ~ L e
v9'L © <
$orL =\ W N
vaM \ﬂ$m& ~
s9'L e [N n
99/ ~ =0T o F e
€L ~
vLL
— 4 . o ~
sre S~ —————— 00T % =
oL o Lo&
wn
88'L % z
68" —
. B %
MM.MW / ‘\M\S.H ~ L@
)
]
168 — — —_— 1 I %
o
< L=
5 ©o
©
6€'9
ov'9 .

- v. —_— ,— ] F00'T n
ov'9 < 4 0 [ ©
Y69~ - S o
569~ 60 | 2
veL
€L W —

- —_— — NP
ceL —— 0
| — | e
_ ce:
- ¥
ol — 20T
2 O _ 200°T

N..w.ﬁ | O ~ [ M

v9°L ] o FioT
.
vorL | \ — =1 ®00T

v9'L wn
59 T\ [ o
997 /4 A}
€] pd
VN.nHu h o
SLL L=
mm.m# ] [
88°¢ |
68 |
b1 | w
m.m; o
w8
hd —

e O

'"H NMR spectrum of 3h

S19



607 — ==
w o
- =]
25'92T ~ —— =
£8'92T T ¢ W
| = o
- — F o
99'821 — —_—] W
81°6¢ F————————————— =
L Lg =
—— Fa
ob1Er — — M
SETET~_ _ { -
£82ET ~ _ E LS
0CEET ~ — = -
wn
-8 LR
18'9€T — — W °
o
3 —
£5°66T — \lﬂw 2 FR
LS -
v8'9L m [ =_
8b°LL = LS
o
o
=
L 82
— An
= bl
LS
= bt
69211 —

. — LR
Lozt — = -
759zt M
€8'92T =
99'82T ~_ = o
81621~ L&
obTET <% aaa—————
sezer =
€8°2€T E— °
oz'eet \ L<
18'9€1 \ -
£5°6€T
Y6'OPT ~ B =

o —
99°ZbT = [ &

= a
T5°ZST — O O BE— —
<
PSIST— —\ DI ey o
\ W -
/ /H E o
pd E L2
=
“ =
7| \ = 3
(=]
T19°€8T — —_ - =
k) / = S
s - ra
- (&) =
] -
S =
2 =

13C NMR spectrum of 3h

566

YT —

W

PoT—

=80

o1

HHAS =]
81, e
1L~ ——
we— —

TeL~
€L
ver" -~

1444

WTNN.N

4

T
5.0
1 (Ma)

.0

4.5

.5

109

109

F80'T

6.0

709
€59
¥S9 V

58'9
98'9 /
89—~
697"
9T L~

9T°L ]

=80T
FUCT
60T
Ty

6.5

7.0

12
-,

7.5

ez
STL
zeL
€€°L
veL

B3l fid
oo
v

Cl

=00'T

8.0

8.5

9.0

9.5

'"H NMR spectrum of 5h

S20



S21

"H NMR spectrum of 3i

<
— =]
T S0 =]
= o
— LS -
== Fo
=
=
—
= L °
=
= 86'9 ]
= 89 a0 © ‘ .
= ° wi— 66'9 N —— [860L T -—==- =10
— - @ 66'9 "
- 002 - I
e — = 85T — '’ - F e ——— =70
or'6e i ° T
=Leae LQ sey -
es'6E = = (A Eo L3
€L°6€ = 05z |
¥6°6€ e _ .
LQ 1€ A L™
— n = N
6915 — % 1 €L — \hvvﬂ To.v |
Lo = (2 - = N
N = sy R | <
28921 ~ - o = L g €€t N
16921 — \\M}n N E ) e in LS
021 =" — - - sez M~
s R o T e
e — . y ™~ O ¥9'L o
JW hal mm.n/ r ./.W b
= ) w2 9L _ —r z
€6°£21 —~ Lo - ° M 007 - _ = I
-g = [ mm.ﬁw ~ F
X e — o
nZ _ — A s N \ oo | o
2 e = [= (9] ~— ] L2
° = FR .= 89
g 1= ~ 89" = g n
w ra = = ] ~ TDH\M [
s — ]
= FEE o) vl
. r wn . = vz S
£b62T — — — L = W I3 s ] -2
TS°€0T — v — e = 0 mn.n; LaZ
16Tt — —— o = o oLt =
(S=3 = L= m 82
OTTTT~_ a — - 869 88',
L9°STT z “— m 86'9 1 org — 1n
ov'LTT Y n . = 669 1 g — f/ [ v
o == L1'8
289zt FS = 5] Q 669 1
E@d# bl = re O 00°
so'zer = o 00z ] . .
e — 2 e 578 — — 2
£€6°L2T # — o mN.Ng
£v6er ~ — F9 R og's
671 I—— M 0€°. 4
T9'SET~ = — ey L
erogr " = ) N e
S e o
= i
==
. = SR | _
= = o o €€ _ —— 60
= Lo YE'LA
secst > O B — = — mMM A w Fsov
927251 = A -
Q = — seet [\
=— L 8 $9°L~\ i
o = 9 o\ - — oz
\ S9'L~ [—— ———1 %07
= 992 oo
= 99°¢ i X T L
E— IS 992
ZT — rs 19 N Q__ 660
< = 197 __\ - =007
[Te] — ~
Ol = 97 | |5 - L
— - 892
\ / == ra 89°L
8081 — = 8] N
/ |\ = beL] \ Z =
=) vl Py L
/ = ra oLt
— 9L
(@] oL
o 81 L
2 re g
H10r — s
%) 18
(2] — m 8-
a

Cl



|

1
611 W
24
¥9'T
991 W
[xal
292
€97
vw.T/
¥9'7
59T

0.5

1.0

Raxadi]

1.5

2.0

60— —
Fors
£p'92T —
L
SL°92T — w LN 3
- =
3 ] =
e
€821 — o =
o8zt — - L&
87621 = —1 - =
(=3
I L&
3 2
b a3 s
= —Z —
b IET — =
[Sp w
rreer — w = ‘m
1 -
9TEET — = =
£9'€€T — P s =
E (o =
M L8 =
09°SET ~ 5
- O
voser S
YTIET —
W ~
] W
¥8'9L W\
B - —
, = m
==
=
=— (=)
= o3
_ 8
W =
= bl
=
= S
= =1
— bt
€p°92T M
SL9t1
5821 = I
0,871 -
fraas =
£p°TET
frardas — 53
9TeeT -
€9°€€T~\X EE—
09's€T =

TELST —

99°Z
£9°T A\
19T
897
0£2
osz
127
T4
e
e
€07
b7 ]
sz
osz
9T
Sb°E |
Vi

=S\

=l

2.5

‘J‘A =910
e

TM.N

3.5

4.0

i

6’y —
omé\

h

—— - Ferr

4

5.0
f1 (ma;

3C NMR spectrum of 3i

140

6+°9
0S99 W
59
989
89

889 \
069
00°Z

5.9

6.0

- H1 o

FLET

H\Nm.m

=6€T
Fee

150

L)

p
g
[

13C_.1.fid

Cl

e

w““’/w
T
7.5

[ara

A

170

180

we

0€L-

190

o

e

F00°T

J

S22

"H NMR spectrum of 5i



S _
e 77 — LR = )
26°'9¢T - =
09°221 — — ®
8er~_ \'M re =
(X141 3 o
To821 - —= L -~ N
PE6ZT ~L _ = - =
b (=3
L™ a3
— o
8E°06T — - = Q
W —=
Lend =
66'5E — e B —Z _
SP'IET ~ —
%, o« =)
< [~ <
oLTer — \kw} [ @ =
- =
o
. iy = 0
€8IS — = \||W
- =
| e
- 3
65'SET — - © =
96'5ET — - o
W o
~
=
v8'oL W
SEW o
8v'LL W 2
=
=
Wv o
\W\ =
= o
o
=1
$9°90T —
667911 —
L9zt
6971
09°221 —
521
L8217
16821 -|
veszr
mm.omi
mv.ﬁMAg
orzer |
65°SET [
wmﬁﬂ\

8E°SHT
L8°6PT \\‘

©
“a
)
S

[

#3C_.1.fid
&
[

cl
Vi

500 — —
wn
ro

O o
e c e
o o
n
/ N [~
P4
" —
™ L
wn
e
m o
Il
wn
e
o
o
SB.M\ = =o0¢ s ™
S Fs &=
B 3
o o
m 80°L
60°L N -
8T, A F [ m
m 0zL - m
ey 1L )
Q so¢ 1z L W O
oo e
vz 2
™ |72]
r~
" M
N Z
n o
R &H
—
| @
~E L3
~=
r~
<
0 [~
r~
) Lw
\_/. ~
<
[ o e
[~
-
\ L
wn
AN RN [
1 N
[~ o
o
o
wn
o

1H.1.fid

S23



=
- —
- N o
X = FS
3 3
TIPer — — [~ =
- =
) £ |:
& W\
| _— =
S
~N =
06'92T — \L LR =
i |=
J— [ -
8T = =
ogger /. _F IR L e
et B3
D — =
= =
o
90°TET — \L rog = ro
< ﬂIM\ =
£9'55 — F oo =
™
E0°EET ~ \M L@ W L g
szEeT ﬁw < —
M-
wn
$ F \W =
v8'9L 3
\ e ‘ L8 =
D7 szoeT
e [N — | o
orLeT — E ra = @®
s :
< o (=]
M L ™ o
2 a
. o =
18661 — -— =
R _ -3
=
o<
= =
£T°50T — =
3 S
= )
5741 W °
06921 = L]
Le821
95821 =
e — -
6 HCT T ra
90'T€T ~ W -
£0°EET
geeet W =
szoer - = °
orery -~ LS
T8'6€T =
R —
O = E
L wn
§4 & £ F
L6'PST — =
86'85T — - HW | g
/ N )
—— o
(3] rS
= L&
&
2 () = | 8
] S -
1_, =
Re1— =
a =

13C NMR spectrum of 3j

-
S0°0
500 \.
\n
o
Wv
] 2
]
O % )
e
-
\ \ X — L2
Z o N
L
[~
o
o [
[}
= "
Il
sce
mm.mV \LU. =10
¢6'e <~ =20°¢ o
s/ L2
669 <
[ <
mm.oW | T o
007~ — 0T ~
102 \ J \Aﬁ.\ 2
102 a L L WW
o
I b
669 &

; = | _ nors -
002 AV J \F%mo.ﬁ r
102 L
10 D“M/ -<F
11 6T AN ——] o
[4¥S 4 - F~ FQ
AYS €L —

18 2 — N AP
1z S — =
€Ly wwe— — |
L 8TL~ \D\\\ L g ©
STLA oss — N z
1TL a -
8T'L A pul -
0€°L — = CFR
v — - \m o
Sv'L LY =] :
ELa .
L PN | ~— _ = 70T |
LS°L mv.n - HnW ko1 ot ~
P oL — =
65 e | n
65°L ~ o
or'8 [
d.mV — | | ] 01
6187 AN ] 001
L — Y. L
65°L | . ~ EJ
o
o
wn
ro
2
&
-
T o
- Lo

'"H NMR spectrum of 3k

S24



i — =
6T'€TT — \L <« \W
N
6Tb2T — \A N = L g
© W\
o~
¢ore =
£6'92T — —s = L g
o -
8v°821 W N
89821 — - —
62621 — = o = )
sveer 2] = e
W -
0z — - ~E
W NE
jak=. — Fe
ST'EET — - <« -
a
.- o
3 © [
k fat] W‘
SS'SS~. LT9ET — - -
8L55 7 . © W
> =
= n L
£G'QET — o —
=
o =
26°6ET — — s =
z M F=
b8'9L =
8b'LL W =
= 8
o
W S m
e F ol
= b
SE'S0T — W\
= S
BLETTN -
81021 =
62'€Ct E
m:ﬁ/ [
€6°'921 = Al
8t°8¢1 —
89°821 / _ W
62671 ~& 2 )
sy'eet rea
0T TET W 1
ST'EET e —
LT9Er _ 5 o
$S'8ET < M — L <
e e w -
190pT — - w
O = 2
=
o e [C
60°SST — - E
S - g g
=
7 Nz %
o
S
W 0
ra
z S -8
- .
|
m.nﬂ — — —=

I3C NMR spectrum of 3k

s00— _ Fo
a
o 1
$6'9\_ B o
$69— \W%&\S.A r
969~ )
[~
o
]
-
WL~ S
1. \ﬂ&%c T | -
~ ]
[~
e M <
8T'L =
= g
TR —  |per[ Q2 < L2
|- ~ o~
vy —F ~
05z — =
ﬁm.m\ 3 el
332
<
L r~ L@
HOAN = ) ~
ov'L—F B
va n
hL F
o
e
09" E [t}
o= =R
9L — —— . n
9L~ Jéc ¢ ~ re
N
26— o0t | ©
[~ <
1
[~ <
T
oz
R
bl
tn
[ wn
69
. o
569 o
96'9 1
(A8
A8
LTy [
87, o
62°L
0£°
e | 1 o
eec Ror R
. —_— ] -
¥bL A 01
A\ -_— ———— ey T
ov'L 7|,
Il \M o1 L °
s — | . ~
09— —_—— 0'e
19'¢
7 w O
99, _ % L M
60'8 > \ —_——1 071
[A%] B X
ves— =007
wn
/ =z — e
o
7/ 3
[~ o
tn
[~ o
2 o}
&
p [}
z = L2

'"H NMR spectrum of 31

S25



06T — —_— =
m E
=1
80°v2T — =
8 ==
M-
FR
9T —
90'82T ~ = =— L g
S8BT = P =——
so'6t 3 g =
o= ——3
3 |82 .
= = -
YO TET — \lm =
= = o
= - Fw
. = =
29'5 — —
ar = g
60:SET B
wser " 3 —
3 ™~
89'9L
00°2L v
e = Lg
Tm
= <
o
= g
o
o2
- —
=z
ST'S0T — =
o
L=
bt
80°vCT
29t 2
90°8T re
6£°821
£5°821 =
S0°62T | — o
POTET E—— Fo
08°2ET ~C im
60°SET ~_ —
SE'SET W
LL°GET —— <
— = <
996617 — -
0E kT~ -
vSPPT O
i oy F Mn
0P ST — _ \ —
SE'85T — —_—— = 9
72\ L
3 m
R
M-
= o
= | m
@) m“
—_—
e — (=]
68T — S —— L&
& 2
: W
|
o  ——
(2]
a S

13C NMR spectrum of 31

s00— —_ S
L
=}
<
F
n
[ -
<
[~
_ s.
€57 — Eese [
<
\ 1 "
2L “ Forz| o
MN.N/ _ ~
AN E— in
oTL~ —— rsvef | @
8TL— — Q
057
wesr =
g N o
se — S Fe
¢ = 6t
OZX // J n
S e R SN .
- r<
. G
092 = / —— |t < =z
9L — =
8y — vl 5 ful -={ =so00 )
i 89'L~_ _ RS oz
20t oL~ = receEl O Fws
90°L wL— — b
e o
12e N 2 "
€L P8L~ Z . F
ey s =4rseof
. 8L — .
WN L 18 N
'L .
0€'L 9L\ _Htssof o
€L 86'L~ -3 o LS
. 108 — —— ]
mm.j cog— / \nU\«l I,
182 sog” [
o'z | n
[P Fo
b L
09°
29
89°Z 1 S _ L2
0L'L / \MM.W ~N
(73 _ vﬁkuN [
= Esig
v8'L —= Lovo | o
87 = RN
Q.Nﬁ ﬂ _ = %N.m
96'L 90
wmg/ N o HW w.mm”o o
08~ R = =T WA ]
8 \ o o -—f &0
so's L
€18
s1'8 N | v
. @
205 , / Zz E = o
vrg " — o ') 00T |
o
= e
wn
) o
&
-
I
=

'"H NMR spectrum of 3m

S26



€07 — <
q
PLYTI N 1
08'v2T - o
o —
[
S
1591 — 9T L2 —
@
€8T IU N S
Sb'geT — —===
66'82T — _ -
€€'621 =4
S0°0€1 - - o
56'0€ — T6°0ET ~ — ©
N
g
RE
r5eer = o
THeeT — — — < A
TEPET ~_ _ a
* 3
i it
T0°LET ~ -—
YELET— — ®
o 3 8
bS'6ET — -— o
g =
o
~N
v8'9L
9T'LL V =
8v'LL 2
o
(=)
=T
8z
2
=
=z
o
=1
bt
(2254
08'vet °
91'£21 Q
Te'8eT Al
St'8et
66821
€€°6T 2
S00€1 == a
167081 77
TS°TET \
et .
ZEVET s
20°L€T
bE'LET
bS6ET
$9'8bT — m
95°£5T — o
O
~ hal
O
ey e
[a o o
=
\ Zz £ 2
™ —
[}
w &
hel o
& 2
-
|
€961 —
it

13C NMR spectrum of 3m

0.

]
o
<
-
4
n
-
19T — ~ —= =wo
<
A
STz — ~ ——— =yT19q
n
N
65— ——  Tece
b o
66'9~ / \A <L 2 ”
= 180T
002" ~
-
| n
= )
™
[ N
[~
YL — — | )
. ] <
LTS e
— Te— L
ver” /m <
| S n
~ )
a3 ———F T i
o — HeETT] in §
Feo =
g
v9'L J & o=
S9L © 7
19 7 r~ -
mo.m/ f Pi——
89/ — = Hegzl ™ .
69, 7 S B ~ A
orL = F
NE\\ - L m
. vLL
66'9 o L =)
007 o )
vT'LA r~
(S t
€€/ s L e n
bE'L 108~ / —{leo| ® ?
9L €08 L [t}
8o
$9°L 7"
59' 1 _ . Qe
Joz | —_— J E80'T ~
89°/ PE—
MM_M 7 W —_— — Fovy
h\ . 1T n
il — ] R
[ 2372 /W _ ————— H@/MO.N
vl — T e 1T
o
o
108~ ——— : 5
s~ 7, W o i
Ken
_ Di n
Y/ s
08'8 — — \ \ | ] E00T
zZ < o
™ o
[}
= \ /
w ot
(=)}
2
&
-
T e
- =]

'"H NMR spectrum of 3n

S27



- e \(
607 — N
s = =3
so'szr —
9 S | ©
~ =1
. bELTT ~ —
09T —
oE'82T & °
59°8ZT - - W Fa
11621~ -
ce6eT — . =
B —_—
o
F ™
YO TET — - —
NS
8E°ZET — ne —
= Le
I ——
e ) =
. — o
EPGET ~ R
e © ]
= s =
Lo = s
il = |3 = ' ©
X — = =]
e g W LR
. = o
wee = |3
== |
= |7
— = =T
o
L © /M\
—
=z
= |
— ra
so'ser —=
vE'L2T W o
i — = | oY)
9e"8eT — S
59'821 =
Lreet —_—
B I ——— °
YOTEL N —— Fa
8E2ET ~ =
OT'pET — =——
£b'SET ————
09°SET == | @
6€°LET \ = — -
8L°8bT — - = L 3
————
—
STLST — —————— =
== |8
—_— 2
W -
LN
= o
o
— [ -
—
s — —= |
= - 2
. =
| .
|9}
a = L8

I3C NMR spectrum of 3n

sty

98T —
99T —

L4%4
mH.Nv.

EBS0
€10

=<T'0

1.5 1.0 0.5 0.(

2.0

€ L0
€54\ =] ~ ~
€5 f \'M To.m
vm.ﬁ - — N
mmm \ T ~ a
; —_—— TS «
552 / — ~
ov'e o5 4 N
e 5 N 00
Ve S o] F - L
STL [ ~N M
NS S9'L
£577 S9L _ 2| @
€521 192 —— [ o
€521 190 <«
vl 98¢ _ o
bSL 88/ p—— Y | SV S
SS°L 98/ 4 -

] . =4 \n
Ss'L ] 88 -z <
95, 68 I
15°2 om.ﬁ pu
25 062 B ~ =
852 e / MHMT? o 2
85 967 4 =
€977 862 -

9 862} ]

59'2 1 mm.g 1
S9°2 ] 008 w
197 00’8 -

1921 cci @

98'L 81'8

o8, by n 2

: 818 | o S
88°L 81'g
b 1%

88'L 0z'8 ©
68'2 0z'8 ®© a2
06, 18 f T:;
06° 998 T N
16°2 *
86°L N
86 ~
8671
66, e
00°8 = n
008 N
00’8 P H{a.m
81'8 - o1
MMNJ E —_— E0C =)
A\ —_— oz 5
618 3 o1 | °
0z'8 P ¥
ON.mN 3
17’8 1
@
99'8 — —_ 00T
= o
= 3
o
wn
o
o E
&
=
T o
= S

'H NMR spectrum of 30

S28



f | o

= -

s © =

68°221 — — &
3 S
zrser — — — -
3 - = B
18'8¢% 2
2 [ = == iy
6267 — °
= il
ww ] —
TT0T ~ — = 2. - _
$Z0ET = . — =
= o
-
= —
W LY ——
a
= o
Fw
o
My E
| 2
() — O
™
Treer — - — -
i1 = =
5 L™ =
a
v8'9L =
8v'LL ‘W &
W 2
= ER
o=
—
\ S
o
z
7°501 —
o
ra
80°8TT~

61°S2T L

68°L2T -

wsen

8821 -

62621 & M o

2ot — e

v 0! _\ —

TreeT -

PEIET— = S

—_— ra

YEPET — M\

S8'8p1T — _ 2
W‘\ -
=

8T°95T — —_ = o

—
5 &
- — o
V\ /M EN
7z 9 =
™ _—
o
2
[\ e
7 \
—_— = =3

] - Lo

& k- 2

g —

|
a =
a = 8

3C NMR spectrum of 30

560

09T —

%7

€5,
P el —
SS'L \ T

F1ze

A

EEP0

0.0

0.5

1.0

1.5

2.0

LL

9L~
98'L~"

96,
S.RV /
86'L~T
mm.n\
e —
€18 —

L
~ /
6LL—
om.n\

4.0

4.5

3/0

3.5

5.0

5.5

f1 (Mn)

YL
vEL
€57,
vS'L
SS°L
9S°L

|

6.0

6.5

7.0

L
8L°L
6L°L
08°L
98'L
98°L
96"

e

EC0T

TOT

n.
86°L
66°L
T8
€18
58

f

CN
Ph

TB07C

o1

1H.1.fid

Cl

T T T
9.5 9.0 8.5 810 /5

'"H NMR spectrum of 3p

S29



13C_.1.fid

158.32
7.
— 117.64
106.74
77.48
76.84

ECCSN o

13417
~133.95
— 13166
— 13045
—129.25
— 128.89
— 12636
—125.68

3p I Col
. .

T T T T T T
135 134 133 132 131| 130 129 128 127 126 125
f1 (ma)

|
\ TR, |
(AL lmml | MM“M “M fﬂl IH. I

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

I3C NMR spectrum of 3p

S30



Detection of acetaldehyde by mass-spectroscopy (experiment with D,0)

The reaction between quinoline 1a (0.194 g, 1.500 mmol), acetylene 2a (0.206 g, 1.000 mmol),
D,0 (0.107 g, 5.000 mmol) and KOH (0.006 g, 10 mol%) (rt, 144 h) was carried out in a 10 mL
tightly closed with rubber cap flask filled with argon. To get the gas analytical sampling, the
reaction mixture was cooled in liquid nitrogen, evacuated, and heated. Detection of acetaldehyde
in the gas phase was carried out in the Shumadzu Mass-spectrometer. After standard treatment of
reaction mixture quinoline 3a (0.059 g, 19%) was obtained.
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X-ray diffraction structural analysis data

The X-ray diffraction structural analysis was carried out on a Bruker D8 Venture monocrystal
diffractometer with a Photon 100 detector using m-20 scanning. The reflection intensities were
integrated using the Bruker SAINT monitoring program. X-ray absorption by the crystal was
taken into account by analysis of the intensities of equivalent reflections. After averaging the
intensities of equivalent reflections, only independent reflections were used. The search for a
model was carried out using the SHELXS program® and direct methods, which gave the
coordinates of all the non-hydrogen atoms. The structures obtained were refined by method of
least squares using the SHELXL program.4 The complete information on the crystal structures
of quinolines 3e,l and 1,4-dihydroquinoline 5g were deposited at the Cambridge Crystallographic
Data Center (deposits CCDC 1482718, 1838494 and 1482717, respectively).

The determination of the unit cell and the data collection for 2-furyl(2-phenyl-3-
quinolinyl) methanone (3e) was performed at 100.0(2) K using the w—¢ scan technique. A
specimen of C,0H3NO,, approximate dimensions 0.070 mm x 0.360 mm x 0.970 mm, clear,
colorless, irregular crystal was used for the X-ray crystallographic analysis. The X-ray intensity
data were measured. The integration of the data using an monoclinic unit cell with P2,/c space
group yielded a total of 46541 reflections to a maximum 0 angle of 27.53° (0.77 A resolution), of
which 3373 were independent (average redundancy 13.798, completeness = 99.9%, Rint =
5.89%, Rsig = 2.29%) and 2950 (87.46%) were greater than 26(F2). The final cell constants of a
=12.1150(9) A, b = 16.3598(14) A, ¢ = 7.7826(6) A, B=108.183(3)°, Z= 4, volume = 1465.5(2)
A3, are based upon the refinement of the XYZ-centroids of 9941 reflections above 20 o(I) with
4.979° < 20 < 54.95°. Data were corrected for absorption effects using the multi-scan method
(SADABS). The ratio of minimum to maximum apparent transmission was 0.848. The calculated
minimum and maximum transmission coefficients (based on crystal size) are 0.9194 and 0.9939.
The structure was solved and refined using the Bruker SHELXTL Software Package.” The H
atoms were determined from a difference Fourier synthesis.

Figure 1. X-ray structure of 2-furyl(2-phenyl-3-quinolinyl)methanone 3e. Thermal ellipsoids set
at 50% probability.
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Figure 2. X-ray data on unit cell of 2-furyl(2-phenyl-3-quinolinyl) methanone (3e).

The final anisotropic full-matrix least-squares refinement on F2 with 208 variables
converged at R1 =3.98%, for the observed data and wR2 = 10.48% for all data. The goodness-
of-fit was 1.061. The largest peak in the final difference electron density synthesis was 0.40 e-
/A3 and the largest hole was -0.230 e-/A3 with an RMS deviation of 0.057 e-/A3. On the basis of
the final model, the calculated density was 1.357 g/cm3 and F(000), 624 e-. CCDC 1482718.

The determination of the unit cell and the data collection for (5-(methylthio)-2-
phenylquinolin-3-yl)(thiophen-2-yl)methanone (31) was performed on a Bruker D8 VENTURE
PHOTON 100 CMOS diffractometer with MoK, radiation (A = 0.71073) at 297.0(2) K using the
o— scan technique. A specimen of C;;H;5N;0,S;, approximate dimensions 0.51 mm x 0.56 mm
x 0.79 mm, was used for the X-ray crystallographic analysis. The X-ray intensity data were
measured. The integration of the data using an orthorombic unit cell with Pna2; space group
yielded a total of 27881 reflections to a maximum 0 angle of 26.12° (0.81 A resolution), of
which 3426 were independent (completeness = 99.8%, Rint = 3.40%, Rsig = 2.09%) and 3060
(89.3%) were greater than 26(F2). The final cell constants of a = 10.0386(7) A, b = 16.6863(11)
A, ¢=10.3764(7) A, Z= 4, volume = 1738.1(2) A3. Data were corrected for absorption effects
using the multi-scan method (SADABS). The ratio of minimum to maximum apparent
transmission was 0.9568. The structure was solved and refined using the Bruker SHELXTL
Software Package.® The H atoms were determined from a difference Fourier synthesis.
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Figure 3. X-ray structure of (5-(methylthio)-2-phenylquinolin-3-yl)(thiophen-2-yl)methanone
(31). Thermal ellipsoids set at 50% probability.

The final anisotropic full-matrix least-squares refinement on F2 with 227 variables
converged at R1 = 3.06%, for the observed data and wR2 = 7.17% for all data. The goodness-of-
fit was 1.093. The largest peak in the final difference electron density synthesis was 0.130 e-
/A3 and the largest hole was -0.220 e-/A3 . On the basis of the final model, the calculated density
was 1.320 g/cm? and F(000), 720 e-. CCDC 1838494.

The determination of the unit cell and the data collection for 2-(3-benzoyl-6-chloro-2-
phenyl-1,4-dihydro-4-quinolinyl)acetaldehyde (5g) was performed at 296.15(2) K using the w—¢
scan technique. A specimen of C,4H;3sCINO,, approximate dimensions 0.103 mm x 0.121 mm x
0.430 mm, lustrous, clear, needle crystal was used for the X-ray crystallographic analysis. The
X-ray intensity data were measured. The integration of the data using an monoclinic unit cell
with P2;/n space group yielded a total of 66778 reflections to a maximum 6 angle of 26.1° (0.77
A resolution), of which 3714 were independent (average redundancy 11.108, completeness =
99.7%, Rint = 10.04%, Rsig = 2.99%) and 2619 (87.46%) were greater than 2c(F2). The final
cell constants of a = 10.9587(3) A, b = 7.7456(2) A, ¢ = 22.4121(7) A, B=100.151(1)°, Z= 4,
volume = 1872.60(9) A3, are based upon the refinement of the XYZ-centroids of 8797
reflections above 20 o(I) with 4.654° < 20 < 56.75°. Data were corrected for absorption effects
using the multi-scan method (SADABS). The ratio of minimum to maximum apparent
transmission was 0.896. The calculated minimum and maximum transmission coefficients (based
on crystal size) are 0.968 and 0.977. The structure was solved and refined using the Bruker
SHELXTL Software Package.” The H atoms were determined from a difference Fourier
synthesis.
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Figure 4. X-ray structure of 2-(3-benzoyl-6-chloro-2-phenyl-1,4-dihydro-4-quinolinyl)
acetaldehyde (5g). Thermal ellipsoids set at 50% probability.

The final anisotropic full-matrix least-squares refinement on F2 with 254 variables
converged at R1 =4.32%, for the observed data and wR2 = 13.97% for all data. The goodness-
of-fit was 1.112. The largest peak in the final difference electron density synthesis was 0.23 e-
/A3 and the largest hole was -0.210 e-/A3 with an RMS deviation of 0.046 e-/A3. On the basis of
the final model, the calculated density was 1.372 g/cm3 and F(000), 804 e-. CCDC 1482717.
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