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S1: General experimental details

General

Analytical thin-layer chromatography (TLC) was performed on Merck 60 F254 aluminum sheets
precoated with a 0.25 mm thickness of silica gel. Flash column chromatography was performed on
Wakogel® C-300 (45-75 pum, Fujifilm Wako Pure Chemical Co.). Melting points (mp) were measured
on a Yanaco MP-J3. 'H (400 MHz) and *C{'H} (100 MHz) NMR spectra were measured on a JEOL
ECZ 400 NMR spectrometer at Research Center for Membrane and Film Technology, Kobe University.
The chemical shifts were expressed in ppm with tetramethylsilane (0 ppm for '"H NMR as an internal
standard in CDCls) and CDCls (77.16 ppm for 13C NMR). IR spectra were recorded on Bruker Alpha
with an ATR attachment (Ge) by single bounce ATR. HRMS spectra were measured with a JEOL JMS-
T100L AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART attachment.

Materials

Quinoline-2-carboxylic acid, 2-bromo-4-nitroaniline, 2-iodo-4-methylaniline, and N-iodosuccinimide
(NIS) were purchased from BLD Pharmatech Ltd. p-Toluidine, tris(4-methoxyphenyl)phosphine (P(4-
MeOCsH4)3), 1,8-diazabicyclo[5,4,0Jundec-2-ene (DBU), 2-bromo-4-tert-butylaniline, hydrobromic
acid (HBr aq., 47%), N-bromosuccinimide (NBS), tri(p-tolyl)phosphine, and tri(o-tolyl)phosphine
were purchased from Tokyo Chemical Industry Co., Ltd. Aniline, o-nitroaniline, acetic anhydride
(Ac20), nitric acid (HNOs aq.), hydrochloric acid (HCI aq.), o-xylene, and tris(4-
fluorophenly)phosphine were purchased from Fujifilm Wako Pure Chemical Co. p-Anisidine, p-
chloroaniline, o-anisidine, acetic acid (AcOH), sulfuric acid (H2SOs), triethylamine (EtsN), N,N-
dimethylformamide (DMF), cesium carbonate (Cs>CO3), sodium nitrile (NaNO,), potassium iodide
(K1), acetonitrile (MeCN), p-toluenesulfonic acid monohydrate (p-TsOH-H»0), copper(I) bromide
(CuBr), zinc powder, and sodium thiosulfate (Na,S>03) were purchased from NAKALAI TESQUE
Inc. 4-tert-Butylaniline, 4-aminobenzonitrile, and 1-iodo-2-bromobenzene were purchased from
Angene International Ltd. 2,4,6-Trimethylaniline, benzylamine, and palladium diacetate (Pd(OAc),)
were purchased from Sigma-Aldrich Co. Oxalyl chloride was purchased from Tokyo Chemical
industry Co., Ltd. and NAKALAI TESQUE Inc. Dichloromethane was purchased from Kanto

Chemical Co., Inc.
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S2: Preparation of substrates

S2-1: Synthesis of 2-quinolinecarboxamides

1) Oxalyl chloride (1.2 eq.)
DMF (1 drop)
N 2) R-NH, (1.1 eq.) ~ H
> OH Et3N (8.0 eq.) > N

1) DCM (0.3 M)
rt, overnight
2) DCM (0.25 M)
0 °C to reflux, 3 h

N-(4-Methylphenyl)-2-quinolinecarboxamide (1a)"

§
~
YT
(@]
Me

To a Schlenk tube equipped with a magnetic stirring bar was added quinoline-2-carboxylic acid
(5 mmol, 1.0 equiv) and dissolved in dichloromethane (0.3 M). The mixture was cooled to 0 °C and
stirred. To the mixture were added dropwise oxalyl chloride (6.0 mmol, 1.2 equiv) and DMF (1 drop,
cat.) via syringe at 0 °C. The resulting mixture was warmed to room temperature and stirred for
overnight. The solvent was removed under vacuum and the residue was suspended in dichloromethane
(0.25 M). To the mixture was added Et:N (40 mmol, 8.0 equiv) and the amine (5.5 mmol, 1.1 equiv)
at 0 °C, then the mixture was stirred at the same temperature for 1 hour, followed by heating to reflux
temperature and further stirring for 2 hours. The reaction was quenched with 1 M HCl aq. and extracted
thrice with dichloromethane. The organic phases were washed with sat. NaHCO3 aq. and brine, then
dried over NaySOs, filtered, and evaporated under reduced pressure to give a crude product. The
product was separated with silica gel column chromatography (hexane/AcOEt 2:1) to give the
corresponding amide in 89% yield as a light brown solid. "H NMR (CDCls): 10.18 (s, 1H), 8.40 (dd,
J=28.8,8.0 Hz, 1H), 8.38 (dd, /= 8.8, 8.8 Hz, 1H), 8.19 (d, /= 8.8 Hz, 1H), 7.92 (d, /= 7.6 Hz, 1H),
7.81 (dd, J= 8.0, 7.2 Hz, 1H), 7.70-7.79 (m, 2H), 7.66 (ddd, J= 7.6, 7.2, 0.8 Hz, 1H), 7.17-7.25 (m,
2H),2.37 (s, 3H); BC{'H} NMR (CDCl3):162.1, 149.9, 146.4, 137.9, 135.4,134.1, 130.4, 129.8, 129.7,
129.5,128.2,127.9,119.9, 118.9, 21.1.

The syntheses of 1b to 1f and 1h—k was carried out in a similar manner, spectroscopic characteristics

and analytical properties are shown below.
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N-Phenyl-2-quinolinecarboxamide (1b)"
X

H

@'qj\m/N
(0]

Yield: 76% as a brown solid; '"H NMR (CDCls): 10.25 (s, 1H), 8.40 (dd, J = 8.8, 8.4 Hz, 1H), 8.38 (dd,
J=28.8, 8.4 Hz, 1H), 8.20 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.84-7.89 (m, 2H), 7.82 (ddd,
J=8.0,7.2,1.6 Hz, 1H), 7.66 (dd, J= 8.0, 7.2 Hz, 1H), 7.38-7.47 (m, 2H), 7.15-7.21 (m, 1H); 3C {'H}

NMR (CDCl): 162.3, 149.8, 146.4, 138.0, 137.9, 130.5, 129.8, 129.5, 129.2, 128.3, 127.9, 124.5,
119.9, 118.9.

N-(4-Methoxyphenyl)-2-quinolinecarboxamide (1c)?

X

s
~
T
(@]
OMe

Yield: 82% as a white solid; '"H NMR (CDCl;s): 10.13 (s, 1H), 8.32-8.42 (m 2H), 8.17 (d, /= 8.4 Hz,
1H), 7.90 (d, J = 8.4 Hz, 1H), 7.80 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.74-7.79 (m, 2H), 7.64 (ddd, J =
8.4, 6.8, 0.8 Hz, 1H), 6.92-6.99 (m, 2H), 3.83 (s, 3H); *C{'H} NMR (CDCl): 162.0, 156.5, 149.9,
146.4,137.9, 131.2, 130.4, 129.8, 129.5, 128.2, 127.9, 121.4, 118.8, 114.4, 55.6.

N-[4-(tert-Butyl)phenyl]-2-quinolinecarboxamide (1d)

H
= N
T
(e}
Bu

Yield: 45% as a brown solid; Mp: 99.4-101.4 °C; '"H NMR (CDCL): 10.19 (s, 1H), 8.35-8.44 (m, 2H),
8.20 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.81 (ddd, J = 8.4, 7.6, 0.8 Hz, 1H), 7.74-7.80 (m,
2H), 7.66 (dd, J = 8.0, 6.8 Hz, 1H), 7.40-7.48 (m, 2H), 1.35 (s, 9H); '*C{'H} NMR (CDCls): 162.2,
149.9, 147.4, 146.4, 137.9, 135.3, 130.4, 129.8, 127.9, 126.0, 119.7, 118.9, 34.6, 31.5; IR (ATR): 3353,
3343, 2961, 2901, 2870, 1684, 1589, 1529, 1502, 1408, 1320, 1269, 1133, 1114, 1097; HRMS
(DART*) m/z [M+H]" calcd. for C20H21N20 305.1649; found, 305.1662.

N-(4-Cyanophenyl)-2-quinolinecarboxamide (1e)?

Yield: 63% as a pale yellow solid; 'TH NMR (CDCl3): 10.47 (s, 1H), 8.37-8.44 (m, 2H), 8.20 (d, J =
8.8 Hz, 1H), 7.97-8.03 (m, 2H), 7.94 (d, /= 8.0 Hz, 1H), 7.84 (dd, /= 8.4, 7.2 Hz, 1H), 7.70-7.74 (m,
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2H), 7.69 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H); 3C{'H} NMR (CDCls): 162.6, 148.8, 146.3, 141.8, 138.3,
133.5,130.8, 129.7, 128.7, 128.0, 119.8, 119.1, 118.7, 114.5, 107.3.

N-(4-Chlorophenyl)-2-quinolinecarboxamide (1f)"

N
~
T L
O
Cl

Yield: 81% as a white solid; 'H NMR (CDCls): 10.25 (s, 1H), 8.35-8.41 (m, 2H), 8.18 (d, J = 8.8 Hz,
1H), 7.92 (dd, J = 8.4, 1.2 Hz, 1H), 7.78-7.85 (m, 3H), 7.66 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.34-7.71
(m, 2H); BC{'H} NMR (CDCL): 162.3, 149.4, 146.4, 138.1, 136.5, 130.6, 129.7, 129.6, 129.4, 129.2,
128.4,128.0, 121.1, 118.8.

N-Mesityl-2-quinolinecarboxamide (1h)

Yield: 65% as a brown solid; Mp: 142.8-144.5 °C; 'H NMR (CDCls): 9.64 (s, 1H), 8.34-8.44 (m, 2H),
8.17 (d, J= 8.8 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.80 (ddd, /= 8.4, 7.2, 0.8 Hz, 1H), 7.66 (dd, J =
8.0, 7.2 Hz, 1H), 6.97 (s, 2H), 2.32 (s, 3H), 2.29 (s, 6H); 3C{'H} NMR (CDCl5): 162.9, 149.9, 146.6,
137.7,136.9,135.3,131.3,130.3, 129.9, 129.5, 129.1, 128.1, 127.9, 119.2, 21.1, 18.7; IR (ATR): 3358,
2920, 1681, 1516, 1496, 1426, 1161; HRMS (DART") m/z [M+H]* calcd. for Ci9H19N,O 291.1492;
found, 291.1503.

N-(2-Nitrophenyl)-2-quinolinecarboxamide (1i)
N, No,
NN
o

Yield: 71% as a yellow solid; Mp: 175.1-175.6 °C; 'H NMR (CDCls): 13.09 (s, 1H), 9.09 (dd, /= 8.4,
1.2 Hz, 1H), 8.32-8.39 (m, 2H), 8.30 (dd, /= 8.0, 1.2 Hz, 1H), 8.29 (d, /= 8.0 Hz, 1H), 7.90 (d, J =
8.0 Hz, 1H), 7.82 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.72 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.66 (ddd, J =
8.4,7.2, 1.2 Hz, 1H), 7.23 (ddd, J = 8.4, 7.2, 1.2 Hz); *C{'H} NMR (CDCls): 163.7, 149.0, 146.5,
138.0, 137.0, 135.9, 134.8, 130.6, 130.4, 129.7, 128.7, 127.7, 126.1, 123.4, 121.9, 118.7; IR (ATR):
3261, 1698, 1606, 1581, 1503, 1449, 1439, 1424, 1344, 1314, 1273, 1147, 1124; HRMS (DART") m/z
[M+H]" caled. for C16H12N303 294.0874; found, 294.0882.
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N-(2-Methoxyphenyl)-2-quinolinecarboxamide (1j)"
N y OMe
NN
o)

Yield: 86% as a white solid; '"H NMR (CDCls): 10.82 (s, 1H), 8.67 (dd, J = 8.0, 2.0 Hz, 1H), 8.32-
8.43 (m, 2H), 8.21 (d, J = 8.0 Hz, 1H), 7.89 (d, J= 8.0 Hz, 1H), 7.79 (ddd, J = 8.0, 6.8, 1.6 Hz, 1H),
7.63 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.12 (ddd, J = 8.0, 7.8, 2.0 Hz, 1H), 7.06 (ddd, J = 8.0, 7.8, 1.6
Hz), 4.02 (s, 3H); C{'H} NMR (CDCls): 162.3, 150.2, 149.0, 146.5, 137.8, 130.2, 130.1, 129.4,
128.1, 127.9, 127.7, 124.1, 121.2, 119.9, 118.9, 110.2, 56.0.

N-Benzyl-2-quinolinecarboxamide (1k)>

b \/@
H
N
O

Yield: 82% as a white solid; 'H NMR (CDCls): 8.61 (brs, 1H), 8.30-8.38 (m, 2H), 8.07 (d, /= 8.4 Hz,
1H), 7.89 (d, J=8.0 Hz, 1H), 7.75 (ddd, J=8.0, 6.8, 1.2 Hz, 1H), 7.62 (ddd, J=8.0, 7.2, 1.2 Hz, 1H),
7.40-7.47 (m, 2H), 7.34-7.41 (m, 2H), 7.27-7.34 (m, 1H), 4.75 (d, J = 6.0 Hz, 2H); *C{'H} NMR
(CDCl3): 164.5, 149.7, 146.6, 138.4, 137.6, 130.2, 129.8, 129.4, 128.8, 128.0, 127.8, 127.6, 119.0,
43.7.
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S2-2: Synthesis of N-(4-nitrophenyl)-2-quinolinecarboxamide (1g)

H H
HyN Ac,0 (1.2 eq.) Me\ﬂ/N HNO3/H,SO4 (1:1) (0.2 mL/mmol) Me\ﬂ/N
_ =
DCM (0.25 M) 0 AcOH/H,S04 (1:1) (2.5 M) 0 NO

rt, overnight 5°C, 30 min 2
88% quant.
DBU (2.0 eq.) H2N\©\
—_—
MeOH (0.044 M) NO
reflux, 1.5 h 2
37% S-1

1) Oxalyl chloride (1.2 eq.)
DMF (1 drop)
N 2)S-1(1.1eq.) =

H
N/ OH Et3N (8.0 eq.) N/ N
1) DCM (0.3 M) \©\
© rt, overnight © NO,
2) DCM (0.25 M) 1g
0 °C toreflux, 3 h 359
0

Acetanilide was synthesized according to the literature procedure®. To a round-bottomed flask
equipped with a magnetic stirring bar were added aniline (10 mmol) and dichloromethane (0.25 M).
Ac0 (12 mmol, 1.2 equiv) was then added dropwise to the stirring mixture. The resulting mixture
was stirred overnight at room temperature and the reaction was monitored by TLC. The solution was
replaced to separation funnel and washed with 1 M HCI aq. and sat. NaHCO3 aq. The organic phase
was dried over Na>SOy, filtered, and the solvent was removed under reduced pressure to give 88% of
the corresponding acetanilide which was used in the next reaction step without further purification.
The nitration product was synthesized according to the literature procedure®. To a round-bottomed
flask equipped with a magnetic stirring bar were added acetanilide (8.8 mmol) and a 1:1 mixture of
AcOH and H>SOj4 solution (2.5 M). The mixture was heated until all solids completely dissolved. The
solution was cooled to 5 °C, then to the mixture was added a 1:1 mixture of HNO3 and H2SO4
(1.76 mL). The resulting mixture was stirred for 30 min at 5 °C, then poured into ice—water. The
precipitate was filtered and dried under vacuum to give the corresponding 4-nitroacetanilide in
quantitative yield which was used in the next reaction step without further purification.

The deprotected product was synthesized according to the literature procedure®. To a round-bottomed
flask equipped with a magnetic stirring bar were added 4-nitroacetanilide (8.8 mmol), MeOH
(200 mL), and DBU (17.6 mmol, 2.0 equiv). The mixture was stirred for 1.5 h at reflux, then poured
into H>O to induce precipitation. The precipitate was filtered and dried to give the corresponding 4-
nitroaniline in 37% yield, which was used in the amidation reaction without further purification.

The amide was synthesized according to the general procedure. To a Schlenk tube equipped with a
magnetic stirring bar was added quinoline-2-carboxylic acid (2.9 mmol, 1.0 equiv), dissolved in

dichloromethane (0.3 M) and cooled to 0 °C. To the stirred solution were added dropwise oxalyl
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chloride (3.5 mmol, 1.2 equiv) and DMF (1 drop, cat.) via syringe at 0 °C. The resulting mixture was
warmed to room temperature and stirred for overnight. The solvent was removed under vacuum and
the residue was suspended in dichloromethane (0.25 M). To the mixture were added Et;N (23.2 mmol,
8.0 equiv) and 4-nitroaniline (3.2 mmol, 1.1 equiv) at 0 °C, then the mixture was stirred at the same
temperature for 1 hour, followed by heating to refluxing temperature and further stirring for 2 hours.
The reaction was quenched with 1 M HCl aq. and extracted thrice with dichloromethane. The organic
phases were washed with sat. NaHCO3 aq. and brine, then dried over Na,SOs, filtered, and evaporated
under reduced pressure to give a crude product. The product was separated with silica gel column

chromatography (hexane/AcOEt 2:1) to give the corresponding amide in 35% yield as a yellow solid.

N-(4-Nitrophenyl)-2-quinolinecarboxamide (1g)"

H
~ N
T CL
o}
NO

'HNMR (CDCls): 10.58 (s, 1H), 8.36-8.43 (m, 2H), 8.27-8.34 (m, 2H), 8.20 (d, J = 8.8 Hz, 1H), 8.00-
8.07 (m, 2H), 7.94 (d, J= 8.0 Hz, 1H), 7.84 (ddd, J= 8.0, 6.8, 1.2 Hz, 1H), 7.69 (ddd, J= 8.0, 6.8, 0.8
Hz, 1H); *C{'H} NMR (CDCls): 162.7, 148.7, 146.4, 143.73, 143.66, 138.4, 130.9, 129.82, 129.77,
128.8, 128.1, 125.4, 119.4, 118.8.

2
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S2-3: Synthesis of 1-bromo-2-iodobenzene derivatives

NaNO, (1.18 eq.)
HCl aqg. (0.5 mL/mmol)

Br R KI(1.5eq.) Br R
jij Ho0 (1.2 M) ljij

HoN 0°C-rt-70°C

The iodination was carried out according to the literature procedure. 7 To a stirring solution of 2-
bromoaniline derivatives (10 mmol, 1.0 equiv) in H,O (17 mL) and HCI aq. (5 mL) at 0 °C was added
NaNO; (1.18 equiv, 11.8 mmol) in H,O (17 mL) and the resulting mixture was stirred for 10 minutes
at the same temperature. To the diazonium solution was then added dropwise KI (1.50 equiv, 15 mmol)
in H,O (3.8 mL) at 0 °C. The mixture was warmed to room temperature and stirred for 30 minutes,
followed by heating at 70 °C for 1 h. The resulting mixture was quenched with sat. Na,S,03 aq. and
extracted thrice with dichloromethane. The combined organic layers were dried over Na,SOg, filtered,
and evaporated under reduced pressure. The crude product was purified with silica gel column

chromatography (hexane) to give the corresponding 1-bromo-2-iodobenzene.

1-Bromo-2-iodo-5-tert-butylbenzene (2d)®

B r;©/t8 u
|

Yield: 81% as a colorless oil; 'H NMR (CDCls): 7.75 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 2.0 Hz, 1H),
7.02 (dd,J=8.4,2.0 Hz, 1H), 1.29 (s, 9H); *C{'H} NMR (CDCls): 153.5, 139.9, 130.2, 129.6, 126.1,
97.2,34.8,31.1.

1-Bromo-2-iodo-5-nitrobenzene (2i)”

BI':©/ N02
|

Yield: 62% as a yellow solid; '"H NMR (CDCls): 8.44 (d, J = 3.0 Hz, 1H), 8.07 (d, J = 8.8 Hz, 1H),
7.84 (dd, J= 8.8, 3.0 Hz, 1H); 3C{'H} NMR (CDCls); 148.3, 141.1, 131.0, 127.4, 122.8, 110.4.

NaNO, (1.18 eq.)
HCI aq. (0.5 mL/mmol)

Br R
/@/R NBS (1.05 eq.) B'D/R Kl (1.5 eq.)
H,0 (1.2 M)
HN DMF (0.37 M) HoN Jfoa2m |

0°Ctort

The bromination was carried out according to the literature procedure.'? To a solution of 4-substituted
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aniline (10 mmol, 1.0 equiv) in DMF (0.37 M) was added portionwise NBS (10.5 mmol, 1.05 equiv)
at 0 °C. The reaction mixture was stirred for 30 min at 0 °C, then warmed to room temperature and
stirred for 18 hours at the same temperature. The reaction mixture was diluted with CH>Cl, and washed
with brine. The organic phase was dried over Na,;SOy, filtered, and evaporated under reduced pressure.
The crude product was purified with silica gel column chromatography (hexane/AcOEt 20:1) to give
the corresponding 2-bromo-4-substituted aniline.'-1?

The iodination was carried out according to the literature procedure. 7 To a stirring solution of 2-
bromoaniline derivatives (10 mmol, 1 equiv) in H,O (17 mL) and HCI aq. (5 mL) at 0 °C was added
NaNO; (1.18 equiv, 11.8 mmol) in H,O (17 mL) and the resulting mixture was stirred for 10 minutes
at the same temperature. To the diazonium solution was then added dropwise KI (1.50 equiv, 15 mmol)
in H,O (3.8 mL) at 0 °C. The mixture was warmed to room temperature and stirred for 30 minutes,
followed by heating at 70 °C for 1 h. The resulting mixture was quenched with sat. Na,S,03 aqg. and
extracted thrice with dichloromethane. The combined organic layers were dried over Na,SOg, filtered,
and evaporated under reduced pressure. The crude product was purified with silica gel column

chromatography (hexane) to give the corresponding 1-bromo-2-iodobenzene.

3-Bromo-4-iodotoluene (2b)'®

Br:©/Me
|

Yield: 65% as a colorless oil; 'H NMR (CDCls): 7.70 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H),
7.00 (dd, J = 8.0, 2.0 Hz, 1H), 2.28 (s, 3H); *C{'H} NMR (CDCls): 140.02, 139.98, 133.5, 129.7,
129.5,97.0,20.8; IR (ATR): 2921, 1458, 1370, 1259, 1208, 1097, 1006; HRMS (DART") m/z [M+H]"
caled. for C7H¢"°Brl 295.8698; found, 295.8689.

3-Bromo-4-iodoanisole (2)'¥

BrD/OMe
|

Yield: 54% as a colorless oil; 'H NMR (CDCls): 7.67 (d, J = 8.8 Hz, 1H), 7.18 (d, J = 3.2 Hz, 1H),
6.59 (dd, J=8.8,3.2 Hz, 1H), 3.77 (s, 3H); 3C{'H} NMR (CDCl;): 160.3, 140.3, 130.0, 118.5, 115.4,
89.6, 55.7.

Synthesis of 3-bromo-4-iodobenzonitrile (2h)

NaNO, (1.18 eq.)
HCI aq. (0.5 mL/mmol)

Br. CN
CN NBS (1.2 eq.) Br CN Kl (1.5eq.) :©/
CHCl; (1.0 M) H,O / MeCN (0.35 M) |
HoN

0°C to rt 0°C-rt-70°C
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To a stirred solution of 4-aminobenzonitrile (7.5 mmol, 1.0 equiv) in chloroform (7.5 mL, 1.0 M) was
added portionwise NBS (9.0 mmol, 1.2 equiv) during 1 hour at 0 °C. The reaction mixture was warmed
to room temperature and stirred for 4 h, then the resulting precipitate was filtered off. The filtrate was
washed with H»O, dried over Na,SOs, filtered, and evaporated under reduced pressure. The crude
product was purified with silica gel column chromatography (hexane/AcOEt 2:1) to give 3-bromo-4-
aminobenzonitrile in 58% yield.

The iodination was carried out according to the modified literature procedure. ” To a stirring solution
of 3-bromo-4-aminobenzonitrile (4.3 mmol, 1.0 equiv) in H,O/acetonitrile 3:2 (0.35 M) and HCl aq.
(2.25mL) at 0 °C was added NaNO: (5.1 mmol, 1.18 equiv) in H>O (1.9 mL) and the resulting mixture
was stirred for 10 minutes at the same temperature. To the diazonium solution was then added dropwise
KI (6.5 mmol, 1.50 equiv) in H,O (1.9 mL) at 0 °C. The mixture was warmed to room temperature
and stirred for 30 minutes, followed by heating at 70 °C for 1 h. The resulting mixture was quenched
with sat. Na,S,03 aq. and extracted thrice with dichloromethane. The combined organic layers were
dried over Na,SQs, filtered, and evaporated under reduced pressure. The crude product was purified

with silica gel column chromatography (hexane) to give 3-bromo-4-iodobenzonitrile.

3-Bromo-4-iodobenzonitrile (2h)'>

Bl’j@/CN
|

Yield: 59% as a colorless solid; '"H NMR (CDCl3): 7.99 (dd, J = 8.4, 0.8 Hz, 1H), 7.87 (m, 1H), 7.26
(dd, J= 8.4, 1.6 Hz, 1H); *C{'H} NMR (CDCls): 141.2,135.3, 131.1, 131.0, 117.0, 113.6, 108.3.

Synthesis of 4-substituted 1-bromo-2-iodobenzene derivatives

NaNO, (1.18 eq.)
TsOH-H,0 (3.0 eq.)

Br
HaN NIS (1.2 eq.) HoN CuBr (2.4 eq.) D\
« DMSO/CHCl, (0.155 M) r MeCN (00875 M) | R

0°Ctort 0°C

The iodination was carried out according to the literature procedure.'® To a stirring solution of 4-
substituted aniline (10 mmol, 1.0 equiv) in DMSO/dichloromethane 2:1 (0.155 M) was added N-
iodosuccinimide (12 mmol, 1.2 equiv) at 0 °C. The mixture was stirred at the same temperature for
10 minutes. The resulting mixture was quenched with sat. Na>S;03 aq. The biphasic layer was
extracted thrice with dichloromethane and the combined organic layers were washed with brine. The
organic phase was dried over NaySQys, filtered, and evaporated. The crude product was purified with
silica gel column chromatography (hexane/AcOEt 10:1) to give the corresponding 2-iodo-4-
substituted aniline.

The bromination was carried out according to the literature procedure.'” To a stirring solution of 2-
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i0do-4-substituted aniline (10.0 mmol, 1.0 equiv) in MeCN (0.0875 M) was added p-TsOH-H,O
(30.0 mmol, 3.0 equiv) at 0 °C. To the mixture was added dropwise a solution of NaNO, (19.4 mmol,
1.94 equiv) in H>O (7.8 mL) at the same temperature. The mixture was stirred for 2 hours at 0 °C. To
the resulting diazonium solution was added CuBr (24.0 mmol, 2.4 equiv) at 0 °C. The reaction mixture
was stirred for additional 1 hour at the same temperature. The reaction mixture was diluted with H,O
and the biphasic layer extracted thrice with AcOEt. The combined organic layers were washed with
brine, dried over Na,SOys, filtered, and evaporated. The crude product was purified with silica gel

column chromatography (hexane) to give the corresponding 1-bromo-2-iodo-4-substituted benzene.

4-Bromo-3-iodotoluene (2¢)

Br:©\
| Me

Yield: 65% as a colorless oil; 'H NMR (CDCls): 7.69 (d, J = 1.6 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H),
7.00 (dd,J=8.4, 1.6 Hz, 1H), 2.26 (s, 3H); 3C{'H} NMR (CDCls): 140.9, 138.8, 132.3, 130.5, 126.3,
101.1, 20.5; IR (ATR): 2920, 1456, 1369, 1257, 1100, 1010; HRMS (DART") m/z [M+H]" calcd. for
C7He""Brl 295.8698; found, 295.8707.

1-Bromo-2-iodo-4-tert-butylbenzene (2¢)'®

Br:©\
I By

Yield: 79% as a colorless oil; 'H NMR (CDCls): 7.84 (d, J = 2.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H),
7.00 (dd, J=8.0,2.0 Hz, 1H), 1.28 (s, 9H); *C{'H} NMR (CDCls): 152.2, 137.6, 132.3, 127.1, 126.5,
101.3, 34.6, 31.2.

Synthesis of 4-bromo-3-iodoanisole

HN § N
2 \©\ Ac,0 (1.2 eq.) MGTN\Q\ 12% HNOj aq. MeTN;Q\
_— —_—
OMe CHzCl, (0.25M) O 50°C, 4 h 0
0°Ctort, 16 h OMe ~65% 0N OMe
quant.
conc. HBr aq.
NaNO, aq.
HoN 2 B
conc. HCl agq. 2 :@\ then CuBr in HBr agq. rt@\
_ =
EtOH (0.8M) o N OMe  MeCN(1.2M) 4y OMe
reflux, 16 h 2 0°Ctort,2h 2
81% then 807;(; 10 min
(]
Br NaNO, aq. Br
Zn powder (25.5 eq.) j@\ then Kl aq. i@\
conc. HCl ag./AcOH (1/1) (0.075 M) H,N OMe HCl aq. | OMe
0°C,1.25h 0°C, 10 min
91% then rt, 30 minto 70 °C, 1 h
50%
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To a solution of p-anisidine (10 mmol, 1.0 equiv) in CH>Cl, (0.25 M) at 0 °C was added acetic
anhydride (12 mmol, 1.2 equiv), then the reaction mixture was warmed to room temperature and stirred
for 16 h. The mixture was washed with sat. NaHCOj aq., 1.0 M HCl aq., H»O, and brine. The organic
phase was dried over Na,SQs, filtered, and evaporated under reduced pressure to give p-acetanisidide
as a colorless solid.'” The product was used in the next reaction without further purification.

To a solution of p-acetanisidide (10 mmol, 1.0 equiv) in 12% of HNO3 aq. was stirred at 50 °C for 4 h,
then the reaction mixture was cooled to room temperature. After the reaction, cold H,O was added to
the reaction mixture. The resulting precipitate was filtered, washed with H,O, then dried under vacuum
to give N-(4-methoxy-2-nitrophenyl)acetamide in 68% yield (over 2 steps) as a yellow solid.?” The
product was used in the next reaction without further purification.

To a solution of N-(4-methoxy-2-nitrophenyl)acetamide (6.8 mmol, 1 equiv) in EtOH (0.8 M) was
added dropwise conc. HCI aq. (4.2 mL), and the reaction mixture was stirred for 16 h at reflux. The
reaction mixture was cooled to room temperature and quenched with 28% NH3 aq. (3.4 mL) under ice
bath cooling. The resulting precipitate was filtered, washed with H>O, and dried under vacuum to give
4-methoxy-2-nitroaniline in 81% yield as a red solid.?) The product was used in the next reaction
without further purification.

The bromination was carried out according to the literature procedure.?” To a suspension of 4-
methoxy-2-nitroaniline (5.5 mmol, 1 equiv) in MeCN (1.2 M) was added HBr (47%, 5.5 mL) and the
mixture was cooled to 0 °C. A solution of NaNO, (1.0 equiv) in H,O (2.3 mL) was added dropwise to
the reaction mixture at the same temperature, then the mixture was warmed to room temperature and
stirred for 2 hours. To the mixture was added a solution of CuBr (0.9 equiv) in HBr (47%, 2.3 mL)
and the reaction mixture was heated to 80 °C for 10 minutes. The mixture was cooled to room
temperature and solid NaOH was added until the red color changed to blue-green. The mixture was
extracted thrice with AcOEt and the organic layers were washed with brine, dried over Na,;SO4, and
concentrated at reduced pressure. The residue was purified with silica gel column chromatography
(hexane/AcOEt 5:1) to give 1-bromo-4-methoxy-2-nitrobenzene in 75% yield as a yellow solid.??
The reduction was carried out according to the literature procedure.?® To a mixture of concentrated
HCI aq./AcOH 1:1 (0.075 M) at 0 °C was added 1-bromo-4-methoxy-2-nitrobenzene (4.1 mmol
1.0 equiv). Zinc powder (6.9 g, 25.5 equiv) was then added portionwise to the mixture over 1 hour
after which point the reaction mixture was stirred for an additional 15 minutes at 0 °C. Then the
reaction was quenched by the addition of ammonium hydroxide until slightly basic. The crude product
was extracted thrice with DCM and washed with brine. The organic layers were dried over Na>SO4
and concentrated under reduced pressure. The residue was purified with silica gel column
chromatography (hexane/AcOEt 5:1) to give 2-bromo-5-methoxyaniline in 91% yield as a brown oil.
The iodination was carried out according to the literature procedure.” To a stirring solution of 2-

bromo-5-methoxyaniline (3.8 mmol, 1.0 equiv) in H,O and HCl aq. at 0 °C was added NaNO> in H,O
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and the resulting mixture was stirred for 10 minutes at the same temperature. To the diazonium solution
was then added dropwise KI in H>O at 0 °C. The mixture was warmed to room temperature and stirred
for 30 minutes, followed by heating at 70 °C for 1 h. The resulting mixture was quenched with sat.
NaxS,03 aq. and extracted thrice with dichloromethane. The combined organic layers were dried over
NayS0Oy, filtered, and evaporated under reduced pressure. The crude product was purified with silica

gel column chromatography (hexane) to give 4-bromo-3-iodoanisole in 50% yield as a colorless oil.

4-Bromo-3-iodoanisole (2g)*¥

Br:©\
| OMe

'H NMR (CDCls): 7.46 (d, J= 9.2 Hz, 1H), 7.38 (d, J = 2.8 Hz, 1H), 6.76 (dd, J = 8.0, 2.8 Hz, 1H),
3.76 (s, 3H); C{'H} NMR (CDCls): 158.7, 132.7, 125.4, 120.3, 116.1, 101.2, 55.8.
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S3: Method of C—-H/N-H annulation reaction

R2
Br | %
= o
X | Pd(OAc); (20 mol%) o)
H P(4-MeOCGH4)3 (80 mol%)
NN NRT or Cs,CO5 (3.0 eq.)
0 o-Xylene (1.0 M)

Br 140 °C, 20 h or 96 h
|

To a screw-capped test tube equipped with a magnetic stirring bar were added quinoline-2-

carboxamide (0.05 mmol, 1.0 equiv), Pd(OAc), (0.01 mmol, 20 mol %), P(4-MeOCsHa)3 (0.04 mmol,

80 mol %), Cs2CO;3 (0.15 mmol, 3.0 equiv), and 1-iodo-2-bromobenzene derivatives (0.1 mmol,
2.0 equiv), followed by dissolution in o-xylene (1.0 M). The test tube was backfilled with N,
atmosphere and sealed with a screw cap. The mixture was stirred at 140 °C for 20 hours (Method A)
or 96 hours (Method B). The reaction mixture was quenched with H,O and extracted thrice with
dichloromethane. The combined organic layers were dried over Na,SQy, filtered, and evaporated under
reduced pressure. The crude product was purified with silica gel column chromatography (hexane to

hexane/AcOEt 1:9 gradient) to give the corresponding lactam.

5-(4-Methylphenyl)dibenzo|b.f][1,7]naphthyridin-6(5H)-one (3aa)

Method A; Yield: 81% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.15 (s, 1H),
8.47 (d, J = 8.8 Hz, 1H), 8.36-8.44 (m, 1H), 8.06 (d, /= 8.4 Hz, 1H), 7.83 (ddd, /= 8.8, 6.8, 1.2 Hz,
1H), 7.71 (ddd, J=8.4, 6.8, 1.2 Hz, 1H), 7.43 (d, J= 8.4 Hz, 2H), 7.30-7.38 (m, 2H), 7.25 (d, /= 8.4
Hz, 2H), 6.71-6.79 (m, 1H), 3.15 (s, 3H); *C{'H} NMR (CDCl;): 160.3, 148.4, 142.4, 139.0, 138.8,
135.3,131.2, 131.0, 130.5, 130.2, 129.6, 129.3, 128.8, 128.6, 127.7, 126.7, 123.2, 123.0, 117.9, 117.4,
21.3; IR (ATR): 2980, 2964, 2936, 2925, 1673, 1605, 1511, 1493, 1351, 1331, 1315; HRMS (DART")
m/z [M+H]* calcd. for C23H17N,0 337.1341; found, 337.1349.
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5-Phenyldibenzo[b.f][1,7|naphthyridin-6(SH)-one (3ba)

Method A; Yield: 81% as a brown solid; Mp: over 250 °C (decomp.); 'H NMR (CDCls): 9.16 (s, 1H),
8.48 (d, /= 8.8 Hz, 1H), 8.38-8.45 (m, 1H), 8.08 (dd, /= 8.0, 0.8 Hz, 1H), 7.85 (ddd, /= 8.8, 6.8, 1.6
Hz, 1H), 7.72 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.61-7.69 (m, 2H). 7.56) 7.53-7.60 (m, 1H), 7.36-7.41
(m. 2H), 7.32-7.37 (m, 2H), 6.68-6.24 (m, 1H); 3C{'H} NMR (CDCls): 160.3, 148.6, 142.4, 138.9,
138.1, 131.2, 130.7, 130.4, 129.8, 129.4, 129.1, 129.04, 128.99, 127.8, 126.9, 123.4, 123.2, 118.0,
117.4; IR (ATR): 3059, 2980, 2961, 2921, 2849, 1672, 1604, 1493, 1465, 1412, 1384, 1352, 1331,
1315, 1283, 1225, 1149, 1125; HRMS (DART") m/z [M+H]" calcd. for CxH;sN20O 323.1184; found,
323.1186.

5-(4-Methoxyphenyl)dibenzo[b.f][1,7|naphthyridin-6(SH)-one (3ca)

Method A; Yield: 68% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.16 (s, 1H),
8.48 (d, J = 8.8 Hz, 1H), 8.38-8.44 (m, 1H), 8.07 (d, /= 7.6 Hz, 1H), 7.84 (ddd, /= 8.4, 6.8, 1.2 Hz,
1H), 7.72 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.31-7.39 (m, 1H), 7.26-7.31 (m, 2H), 7.11-7.18 (m, 2H),
6.74-6.81 (m, 1H), 3.92 (s, 3H); PC{'H} NMR (CDCls): 160.6, 159.8, 148.5, 142.5, 139.3, 131.2,
130.6, 130.3, 130.0, 129.8, 129.4, 128.9, 127.8, 126.9, 123.4, 123.1, 118.0, 117.5, 115.6, 55.6; IR
(ATR): 3071, 2975, 2961, 2934, 2912, 1671, 1605, 1510, 1464, 1352, 1329, 1315, 1299, 1249, 1225,
1169, 1149, 1125, 1105, 1030; HRMS (DART") m/z [M+H]" calcd. for C23H17N202 353.1290; found,
353.1280.

5-(4-tert-Butylphenyl)dibenzo[b.f][1,7]naphthyridin-6(SH)-one (3da)

Method A; Yield: 72% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.16 (s, 1H),
8.48 (d, J = 8.8 Hz, 1H), 8.38-8.44 (m, 1H), 8.07 (d, /= 8.4 Hz, 1H), 7.84 (ddd, /= 8.4, 6.8, 0.8 Hz,
1H), 7.72 (ddd, J = 8.4, 6.8, 0.8 Hz, 1H), 7.60-7.68 (m, 2H), 7.33-7.37 (m, 1H), 6.70-6.71 (m, 1H),
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6.70-6.75 (m, 1H), 1.43 (s, 9H); 3C{'H} NMR (CDCl): 160.3, 151.8, 148.6, 142.5, 139.2, 135.3,
131.3, 130.6, 130.3, 129.8, 129.4, 128.9, 128.4, 127.8, 127.3, 126.9, 123.3, 123.1, 118.0, 117.6, 34.9,
31.5; IR (ATR): 2964, 2913, 2866, 1674, 1605, 1502, 1464, 1412, 1384, 1352, 1330, 1314, 1283, 1227,
1210, 1153, 1112, 1102; HRMS (DART*) m/z [M+H]" caled. for CasHasNO 379.1810; found,
379.1800.

5-(4-Cyanophenyl)dibenzo|b.f][1,7|naphthyridin-6(SH)-one (3ea)

Method A; Yield: 67% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCl): 9.17 (s, 1H),
8.47 (d, J = 8.4 Hz, 1H), 8.39-8.46 (m, 1H), 8.09 (d, /= 8.0 Hz, 1H), 7.92-8.00 (m, 2H), 7.87 (d, J=
7.6 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.51-7.61 (m, 2H), 7.35-7.43 (m, 2H), 6.59-6.67 (m, 1H);
BC{'H} NMR (CDCls): 160.0, 148.7, 148.6, 142.3, 141.9. 138.0, 134.3, 131.2, 131.0, 130.60, 130.56,
130.0,129.5,129.3,127.9, 126.7, 123.7, 118.2, 118.2, 116.8, 113.3; IR (ATR): 3040, 2935, 2230, 1683,
1605, 1558, 1465, 1411, 1384, 1351, 1339, 1330, 1316, 1285, 1226, 1149, 1125; HRMS (DART") m/z
[M+H]" calcd. for C3H14N30 348.1137; found, 348.1127.

5-(4-Chlorophenyl)dibenzo|[b,f][1,7]naphthyridin-6(5H)-one (3fa)

Method A; Yield: 75% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.16 (s, 1H),
8.48 (d, /= 8.4 Hz, 1H), 8.38-8.45 (m, 1H), 8.07 (d, /= 8.4 Hz, 1H), 7.85 (dd, J = 8.0, 7.6 Hz, 1H),
7.73 (dd, J=17.6,7.2 Hz, 1H), 7.58-7.66 (m, 2H), 7.34-7.42 (m, 2H), 7.31-7.36 (m, 2H), 6.68-6.75 (m,
1H); BC{'H} NMR (CDCls): 160.3, 148.6, 142.2, 138.6, 136.6, 135.0, 131.2, 130.1, 130.7, 130.6,
130.5, 129.9, 1294, 129.1, 127.8, 126.8, 123.5, 123.4, 118.1, 117.2; IR (ATR): 3073, 3059, 2988,
2977, 2967, 1674, 1604, 1492, 1465, 1412, 1383, 1352, 1330, 1316, 1284, 1261, 1226, 1149, 1126,
1090, 1017; HRMS (DART™") m/z [M+H]" calcd. for C2,Hi14**CIN,O 357.0795; found, 357.0790.
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5-(4-Nitrophenyl)dibenzo[b,f][1,7]naphthyridin-6(5H)-one (3ga)

Method A; Yield: 18% as a yellow solid; Mp: over 250 °C (decomp.); 'H NMR (CDCls): 9.18 (s, 1H),
8.50-8.56 (m, 2H), 8.48 (d, J = 9.2 Hz, 1H), 8.43-8.47 (m, 1H), 8.10 (d, J = 8.0 Hz), 7.88 (ddd, J =
8.0, 6.8, 1.2 Hz, 1H), 7.76 (ddd, J = 8.0, 6.8, 0.8 Hz, 1H), 7.60-7.65 (m, 2H), 7.36-7.44 (m, 1H), 6.62-
6.68 (m, 1H); BC{'H} NMR (CDCls): 160.1, 148.7, 148.1, 144.0, 141.9, 138.0, 131.3, 131.1, 130.8,
130.7, 130.1, 129.6, 129.4, 127.9, 126.8, 125.9, 123.9, 123.8, 118.3, 116.8; IR (ATR): 3087, 1678,
1606, 1593, 1523, 1494, 1466, 1348, 1312, 1225, 1149, 1127, 1103, 1089; HRMS (DART") m/z
[M+H]" caled. for C22H14N303 368.1035; found, 368.1028.

5-Mesityldibenzo|[b,f][1,7]naphthyridin-6(5H)-one (3ha)

Method A; Yield: 21% as a brown solid; Mp: over 89.4-94.1 °C; 'H NMR (CDCls): 9.18 (s, 1H), 8.49
(d, J= 8.8 Hz, 1H), 8.41-8.46 (m, 1H), 8.08 (d, J= 8.4 Hz, 1H), 7.85 (dd, J= 7.6, 7.2 Hz, 1H), 7.72
(dd, J= 8.0, 7.2 Hz, 1H), 7.32-7.42 (m, 2H), 7.10 (s, 2H), 6.58-6.68 (m, 1H), 2.40 (s, 3H), 2.01 (s,
6H); *C{'H} NMR (CDCls): 159.4, 148.5, 142.5, 138.9, 137.5, 135.8, 133.3, 131.4, 130.7, 130.48,
130.45, 130.1, 129.5, 129.1, 127.8, 127.1, 123.6, 123.4, 118.3, 116.2, 21.4, 17.7; IR (ATR): 2954,
2924, 2848, 1671, 1605, 1493, 1464, 1410, 1383, 1352, 1329, 1315, 1284, 1260, 1224, 1100, 1030;
HRMS (DART") m/z [M+H]" calcd. for C25sH21N20 365.1654; found, 365.1650.

5-(2-Nitrophenyl)dibenzo|[b,.f][1,7]naphthyridin-6(5H)-one (3ia)

Method A; Yield: 14% as a yellow solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.17 (s, 1H),
8.41-8.50 (m, 2H), 8.38 (dd, /= 8.0, 1.2 Hz, 1H), 8.09 (d, J= 8.0 Hz, 1H), 7.91 (ddd, /= 8.0, 7.6, 1.2
Hz, 1H), 7.86 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.78 (ddd, J= 8.4, 7.2, 1.2 Hz, 1H), 7.74 (ddd, J= 8.4,
7.2, 1.2 Hz, 1H), 7.54 (dd, J = 8.0, 1.2 Hz, 1H), 7.34-7.42 (m, 2H), 6.59-6.65 (m, 1H); *C{'H} NMR
(CDCl3): 148.6, 146.9, 138.0, 135.3, 132.21, 132.16, 131.4, 130.9, 130.7, 130.5, 130.1, 129.9, 129.6,
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129.3, 127.9, 127.0, 126.7, 123.85, 123.78, 123.3, 118.5, 116.4; IR (ATR): 2926, 1679, 1616, 1529,
1465, 1353, 1339, 1315, 1290, 1262; HRMS (DART™) m/z [M+H]" caled. for C22H14N303 368.1035;
found, 368.1047.

5-(2-Methoxyphenyl)dibenzo[b.f][1,7]naphthyridin-6(5SH)-one (3ja)

Method B; Yield: 17% as a brown solid; Mp: 207.0-211.2 °C (decomp.); 'H NMR (CDCI3): 9.15 (s,
1H), 8.47 (d, J= 8.4 Hz, 1H), 8.37-8.44 (m, 1H), 8.07 (d, /= 8.8 Hz, 1H), 7.83 (ddd, J=8.4,7.2, 1.6
Hz, 1H), 7.71 (ddd, J = 8.0, 7.2, 0.8 Hz, 1H), 7.54 (ddd, J=9.2, 8.4, 1.6 Hz, 1H), 7.30-7.40 (m, 1H),
7.31 (dd, J = 8.8, 1.2 Hz, 1H), 7.14-7.22 (m, 1H), 6.69-6.77 (m, 1H), 3.14 (s, 3H); *C{'H} NMR
(CDCl3): 160.0, 155.7, 148.5, 142.7, 138.7, 131.4, 130.7, 130.6, 130.34, 130.33, 130.0, 129.4, 128.9,
127.8,127.1,126.5,123.4,123.1, 121.8, 118.1, 116.9, 112.9, 56.0; IR (ATR): 2939, 2851, 1674, 1603,
1500, 1465, 1412, 1384, 1352, 1340, 1330, 1316, 1281, 1255, 1222, 1180, 1162, 1148, 1119, 1101,
1045, 1025; HRMS (DART") m/z [M+H]" calcd. for C23H17N»0, 353.1290; found, 353.1295.

5-Benzyldibenzo|[b,f][1,7]naphthyridin-6(5H)-one (3ka)

Method B; Yield: 21% as a brown solid; Mp: 232.0-235.5 °C (decomp.); '"H NMR (CDCls): 9.13 (s,
1H), 8.51 (dd, J= 8.4, 0.8 Hz, 1H), 8.40 (dd, /= 8.0, 1.2 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.86 (ddd,
J=28.38,6.8,1.6 Hz, 1H), 7.72 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.45 (ddd, J = 8.4, 7.2, 1.6 Hz, 1H),
7.34-7.40 (m, 3H), 7.28-7.34 (m, 3H), 7.21-7.26 (m, 1H), 5.75 (br s, 2H); 3C{'H} NMR (CDCls):
160.9, 148.6, 142.1, 137.0, 136.4, 131.3, 130.8, 130.34, 130.32, 129.4, 129.03, 128.96, 127.9, 127.5,
127.0, 126.7, 123.7, 123.2, 118.5, 116.5, 47.3; IR (ATR): 2963, 2926, 2859, 1664, 1606, 1496, 1467,
1456, 1412, 1386, 1371, 1332, 1306, 1243, 1210, 1162, 1152, 1124, 1081; HRMS (DART") m/z
[M+H]" calcd. for C23Hi7N>O 337.1349; found, 337.1339.
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3-Methyl-5-(4-methylphenyl)dibenzo[b.f][1,7]naphthyridin-6(5H)-one (3ab)

Method B; Yield: 79% as a brown solid; Mp: over 250 °C (decomp.); 'H NMR (CDCls): 9.10 (s, 1H),
8.46 (d, /= 8.4 Hz, 1H), 8.28 (d, /= 8.0 Hz, 1H), 8.05 (d, /= 8.0 Hz, 1H), 7.82 (ddd, /J=8.4,6.8, 1.2
Hz, 1H), 7.70 (ddd, J = 8.4, 6.8, 0.8 Hz, 1H), 7.40-7.47 (m, 2H), 7.22-7.30 (m, 2H), 7.16 (dd, J = 8.0,
0.8 Hz, 1H), 6.53 (s, 1H), 2.51 (s, 3H), 2.32 (s, 3H); *C{'H} NMR (CDCls): 160.5, 148.3, 142.3,
140.4,139.1, 138.8, 135.5, 131.3, 131.0, 130.4, 129.9, 129.4, 128.8, 128.7, 127.7, 127.0, 124.3, 123.3,
117.7, 115.5, 21.9, 21.5; IR (ATR): 2972, 2961, 2930, 2921, 2873, 1722, 1673, 1616, 1592, 1541,
1513, 1490, 1456, 1400, 1381, 1352, 1340, 1326, 1286, 1227, 1211, 1192, 1159, 1147, 1106, 1066,
1047; HRMS (DART™) m/z [M+H]" calcd. for C24H9N20O 351.1497; found, 351.1486.

2-Methyl-5-(4-methylphenyl)dibenzo[b,f][1,7]naphthyridin-6(5SH)-one (3ac)

Method B; Yield: 83% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.14 (s, 1H),
8.47 (d, J= 8.8 Hz, 1H), 8.20 (s, 1H), 8.06 (d, /= 7.6 Hz, 1H), 7.83 (ddd, J = 8.8, 6.8, 1.2 Hz, 1H),
7.71 (ddd, J= 8.0, 6.8, 1.2 Hz, 1H), 7.39-7.46 (m, 2H), 7.21-7.27 (m, 2H), 7.15 (dd, J = 8.8, 1.6 Hz,
1H), 6.64 (d, J= 8.8 Hz, 1H), 2.50 (s, 3H), 2.49 (s, 3H); *C{'H} NMR (CDCls): 160.2, 148.5, 142.6,
138.8,137.0, 135.6, 132.6, 131.2,131.0, 130.8, 130.5, 130.3, 129.3, 128.8, 128.7, 127.8, 126.8, 123.5,
117.8, 117.4, 21.5, 21.0; IR (ATR): 2970, 2922, 1673, 1620, 1510, 1486, 1462, 1381, 1339, 1315,
1280, 1226; HRMS (DART") m/z [M+H]" calcd. for C24H19N>O 351.1497; found, 351.1500.

3-tert-Butyl-5-(4-methylphenyl)dibenzo|[b,f][1,7]naphthyridin-6(5H)-one (3ad)

Method B; Yield: 55% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.09 (s, 1H),
8.44 (d, /= 8.4 Hz, 1H), 8.30 (d, /= 8.8 Hz, 1H), 8.04 (d, /= 8.4 Hz), 7.80 (dd, J= 8.0, 7.6 Hz, 1H),
7.68 (dd, J=17.6, 7.6 Hz, 1H), 7.38-7.47 (m, 2H), 7.36 (dd, J = 8.0, 2.0 Hz, 1H), 7.21-7.29 (m, 2H),
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6.74 (d,J=2.0 Hz, 1H), 2.49 (s, 3H), 1.20 (s, 9H); *C{'H} NMR (CDCL): 160.6, 153.5, 148.4, 142.5,
138.9, 138.8, 135.5, 131.3, 131.0, 130.4, 129.9, 129.4, 128.8, 128.7, 127.7, 126.9, 123.1, 120.6, 115.5,
114.4,35.1,31.1, 21.5; IR (ATR): 2963, 2929, 2907, 1673, 1613, 1511, 1488, 1400, 1383, 1340, 1326,
1284, 1256, 1233, 1211, 1166, 1147, 1124; HRMS (DART") m/z [M+H]" calcd. for C7HasN2O
393.1967; found, 393.1966.

2-tert-Butyl-5-(4-methylphenyl)dibenzo|[b.f][1,7]naphthyridin-6(SH)-one (3ae)

Method B; Yield: 81% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.16 (s, 1H),
8.47 (d, J=8.4 Hz, 1H), 8.38 (d, /= 2.0 Hz, 1H), 8.10 (d, /= 8.0 Hz, 1H), 7.83 (ddd, /= 8.8, 6.8, 1.2
Hz, 1H), 7.71 (ddd, J= 8.4, 6.8, 0.8 Hz, 1H), 7.37-7.46 (m, 3H), 7.22-7.29 (m, 2H), 6.69, (d, J = 8.4
Hz, 1H), 2.49 (s, 3H), 1.44 (s, 9H); *C{'H} NMR (CDCIl3): 160.3, 148.5, 146.0, 142.7, 138.9, 137.0,
135.5,131.4, 131.1, 130.6, 130.1, 129.4, 128.9, 128.8, 127.8, 127.5, 127.2, 119.5, 117.4, 34.8, 31.6,
21.5; IR (ATR): 2963, 2954, 2930, 2918, 2904, 2871, 1674, 1613, 1597, 1511, 1485, 1462, 1380, 1366,
1340, 1315, 1282, 1262, 1231, 1209; HRMS (DART") m/z [M+H]" calcd. for C27H25N>O 393.1967,
found, 393.1967.

3-Methoxy-5-(4-methylphenyl)dibenzo[b,f][1,7]naphthyridin-6(5H)-one (3af)

Method B; Yield: 51% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 8.98 (s, 1H),
8.43 (d,/J=8.4Hz, 1H), 8.28 (d, /J=8.8 Hz, 1H), 8.01 (d, J=8.0 Hz, 1H), 7.78 (ddd, /= 8.4, 7.2, 1.6
Hz, 1H), 7.67 (dd, J = 8.0, 7.2 Hz, 1H), 7.36-7.44 (m, 2H), 7.20-7.27 (m, 2H), 6.89 (dd, /= 8.8, 2.4
Hz, 1H), 6.21 (d, J = 2.4 Hz, 1H), 3.71 (s, 3H), 2.47 (s, 3H); *C{'H} NMR (CDCIls): 160.8, 160.7,
148.0, 141.8, 140.6, 138.9, 135.4,131.3, 131.1, 130.1, 129.5, 129.2, 128.9, 128.6, 127.6, 127.1, 124.8,
111.4, 109.5, 102.7, 55.5, 21.5; IR (ATR): 2963, 2923, 2852, 1673, 1612, 1512, 1491, 1452, 1406,
1383, 1352, 1341, 1327, 1304, 1283, 1229, 1179, 1150, 1130, 1105, 1048; HRMS (DART") m/z
[M+H]" caled. for C24H19N202 367.1447; found, 367.1431.
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2-Methoxy-5-(4-methylphenyl)dibenzo[b.f][1,7]naphthyridin-6(SH)-one (3ag)

Method B; Yield: 82% as a brown solid; Mp: over 250 °C (decomp.); 'H NMR (CDCls): 9.08 (s, 1H),
8.47 (d, J= 8.4 Hz, 1H), 8.06 (d, J= 8.4 Hz, 1H), 7.79-7.91 (m, 2H), 7.70 (dd, J= 7.6, 6.8 Hz, 1H),
7.38-7.46 (m, 2H), 7.21-7.29 (m, 2H), 6.93 (dd, /=9.2, 2.8 Hz, 1H), 6.67 (d, /= 9.2 Hz, 1H), 3.94 (s,
3H), 2.48 (s, 3H); *C{'H} NMR (CDCl5): 159.9, 155.6, 148.6, 142.7, 138.9, 135.7, 133.4, 131.3,
131.1, 130.7, 130.5, 129.3, 129.0, 128.8, 127.8, 126.6, 118.9, 118.8, 116.6, 107.3, 56.0, 21.5; IR
(ATR): 2921, 1669, 1618, 1598, 1581, 1507, 1488, 1469, 1440, 1403, 1383, 1340, 1326, 1299, 1239,
1223, 1184, 1146, 1105, 1043; HRMS (DART") m/z [M+H]* calcd. for C24H19N202 367.1447; found,
367.1434.

3-Cyano-5-(4-methylphenyl)dibenzo|[b,.f][1,7]naphthyridin-6(5SH)-one (3ah)

Method A; Yield: 26% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.18 (s, 1H),
8.50 (d, /=8.8 Hz, 1H), 8.49 (d, /= 8.4 Hz, 1H), 8.11 (d, /= 8.4 Hz, 1H), 7.91 (ddd, /= 8.4,6.8, 1.6
Hz, 1H), 7.78 (ddd, J= 8.4, 6.8, 1.6 Hz, 1H), 7.59 (dd, J= 8.4, 2.0 Hz, 1H), 7.44-7.50 (m, 2H), 7.20-
7.25 (m, 2H), 7.03 (d, J = 2.0 Hz, 1H), 2.53 (s, 3H); BC{'H} NMR (CDCls): 160.0, 149.3, 142.5,
139.9,139.4, 134.4,131.8, 131.6, 131.4, 129.6, 129.3, 128.5, 128.1, 125.9, 125.4, 124.3, 121.9, 121.2,
118.4, 112.9, 21.5; IR (ATR): 2928, 2918, 2228, 1678, 1592, 1521, 1503, 1481, 1445, 1408, 1377,
1335, 1317, 1298, 1258, 1226, 1192; HRMS (DARTY) m/z [M+H]* calcd. for C24H16N30 362.1293;
found, 362.1305.

3-Nitro-5-(4-methylphenyl)dibenzo[b.f][1,7]naphthyridin-6(SH)-one (3ai)

Method A; Yield: 7% as a yellow solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.22 (s, 1H),
8.56 (d,J=9.2 Hz, 1H), 8.51 (d, J= 8.4 Hz, 1H), 8.17 (dd, /= 8.8, 2.0 Hz, 1H), 8.13 (d, /= 8.4 Hz,
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1H), 7.93 (ddd, J = 8.8, 6.8, 1.2 Hz, 1H), 7.79 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.64 (d, J=2.0 Hz, 1H),
7.45-7.51 (m, 2H), 7.23-7.29 (m, 2H), 2.53 (s, 3H); 3C{'H} NMR (CDCL): 160.1, 149.5, 148.2, 139.9,
139.7, 134.4, 132.1, 132.0, 131.6, 131.4, 129.7, 129.3, 128.4, 128.2, 125.1, 124.5, 123.4, 117.5, 112.8,
21.6; IR (ATR): 2926, 2854, 1718, 1678, 1618, 1588, 1526, 1491, 1448, 1382, 1342, 1317, 1287, 1263,
1221, 1149, 1131, 1118, 1093; HRMS (DART*) m/z [M+H]* caled. for C23H16N305 382.1192; found,
382.1193.

5-(4-Methylpehnyl)benzothieno|[2,3-f]benzo[b][1,7]naphthyridin-6(SH)-one (3aj)

Method A; Yield: 21% as a yellow solid; Mp: over 250 °C (decomp.); 'H NMR (CDCl;): 8.61 (s, 1H),
8.46 (d, J= 8.4 Hz, 1H), 8.03 (d, /= 8.4 Hz, 1H), 7.84 (d, /= 8.0 Hz, 1H), 7.81 (ddd, /= 8.8, 7.2, 1.2
Hz, 1H), 7.71 (ddd, J=17.6, 6.8, 0.8 Hz, 1H), 7.41-7.47 (m, 2H), 7.34-7.40 (m, 2H), 7.31 (dd, J = 8.8,
7.6 Hz, 1H), 7.03 (ddd, J= 8.0, 7.2, 0.8 Hz, 1H), 6.13 (d, /= 8.4 Hz, 1H), 2.55 (s, 3H); *C{'H} NMR
(CDCl): 161.5, 148.4, 141.4, 139.7, 138.6, 136.4, 133.1, 131.6, 131.2, 130.9, 130.7, 130.5, 129.6,
129.3,128.9, 127.5, 126.1, 124.7, 124.0, 123.4, 115.5, 21.7; IR (ATR): 2969, 2958, 2925, 2908, 1661,
1622, 1540, 1511, 1395, 1376, 1263; HRMS (DART") m/z [M+H]" calcd. for CosHi7N2OS 393.1062;
found, 393.1070.

5-(4-Methylphenyl)quinolino[2,3-c][1,5|naphthyridin-6(5H)-one (3ak)

Method A; Yield: 31% as a brown solid; Mp: over 250 °C (decomp.); '"H NMR (CDCls): 9.78 (s, 1H),
8.60 (dd, J=4.0, 1.2 Hz, 1H), 8.51 (d, /= 8.4 Hz, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.89 (ddd, J = 8.4,
6.8, 1.6 Hz, 1H), 7.74 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.41-7.48 (m, 2H), 7.29 (dd, J = 8.0, 4.0 Hz,
1H), 7.23-7.28 (m, 2H), 2.50 (s, 3H); *C{'H} NMR (CDCl3): 160.1, 149.6, 144.4,143.1, 139.4, 136.3,
135.5, 134.5, 133.2, 131.34, 131.29, 129.7, 129.1, 128.7, 128.6, 128.0, 124.2, 124.0, 106.3, 21.5; IR
(ATR): 2922, 2854, 1680, 1606, 1511, 1464, 1438, 1417, 1382, 1355, 1318, 1262, 1213, 1197, 1145,
1128, 1109; HRMS (DART") m/z [M+H]" calcd. for C22H;6N30 338.1293; found, 338.1303.
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S4: Additional data for the optimization of the C—H/N—H coupling reaction

Table S1.
@jj\[( j@ Conditions
\©\ Solvent
140 °C
20 h
Entry  Catalyst (mol %) Ligand (mol %) Base 2a Solvent (M)  Yield (%)*
(equiv) (equiv)
S1 Pd(OAc): (10) PPh; (40) Cs2CO3 1.0 DMF (0.1) 19 (52)
(3.0
S2 PdClx(PPh3)2 (10) none Cs2CO3 1.0 DMF (0.1) 10 (85)
(3.0
S3 Pd(TFA). (10) PPh; (40) Cs2CO3 1.0 DMF (0.1) 39 (32)
(3.0
S4 Pd(OAc): (10) PPh; (40) K.CO;3 (3.0) 1.0 DMF (0.1) 6 (72)
S5 Pd(OAc): (10) PPh; (40) t-BuOK 1.0 DMF (0.1) N.R.
(3.0
S6 Pd(OAc): (10) PPh; (40) t-BuONa 1.0 DMF (0.1) 9 (63)
(3.0
S7 Pd(OAc), (10) PPh; (40) Cs2CO;3 1.0 DMF (1.0) 46 (28)
(3.0
S8» Pd(OAc), (10) PPh; (40) Cs2CO;3 1.0 DMF (1.0) 4 (64)
(3.0
S99 Pd(OAc), (10) PPh; (40) Cs2CO;3 1.0 DMF (1.0) 19 (61)
(3.0
S109  Pd(OAc), (10) PPh; (40) Cs2CO; 1.0 DMF (1.0) 40 (32)
(3.0
S11 Pd(OAc), (10) PhDave-Phos (40) Cs2CO; 1.0 DMF (1.0) 9 (55)
(3.0
S12 Pd(OAc), (10) P(p-tolyl); (40) Cs2CO3 1.0 DMF (1.0)  15(18)
(3.0
S13 Pd(OAc), (10) PPhs (20) Cs2CO3 1.0 DMF (1.0)  7(57)
(3.0
S14 Pd(OAc), (10) none Cs2CO3 1.0 DMF (1.0) N.R.

S24



Entry  Catalyst (mol %) Ligand (mol %) Base 2a Solvent (M)  Yield (%)*
(equiv) (equiv)
3.0)

S15 Pd(TFA). (10) PPh; (40) Cs2CO; 1.0 DMF (1.0)  39(32)
3.0)

S16 Pd(OAc), (10) PPh; (40) Cs2CO3 1.0 o-xylene 34 (58)
3.0) (1.0)

S17 Pd(OAc): (10) PPh; (100) Cs2CO; 1.0 o-xylene 39 (30)
3.0 (1.0)

S18 Pd(OAc), (10) P(p-tolyl); (40) Cs2CO3 1.0 o-xylene 35 (30)
(3.0 (1.0)

S19 Pd(OAc), (10) P(p-MeOCsHy); (40)  Cs2COs 1.0 o-xylene 44 (33)
(3.0 (1.0)

S20 Pd(OAc), (10) P(4-FCsH4)3 (40) Cs2C0O3 1.0 o-xylene 21 (55)
(3.0 (1.0)

S21 Pd(OAc): (10) P(o-tolyl); (40) Cs2COs 1.0 o-xylene N.R
(3.0 (1.0)

S22 Pd(OAc): (10) PhDave-Phos (40) Cs2COs 1.0 o-xylene 15 (58)
(3.0) (1.0)

S23 Pd(OAc): (10) Xantphos (40) Cs2COs 1.0 o-xylene 16 (59)
(3.0 (1.0)

S24 Pd(OAc): (10) P(2-furyl); (40) Cs2COs 1.0 o-xylene 9 (62)
(3.0 (1.0)

S25 Herrmann’s none Cs2CO3 1.0 o-xylene N.R

catalyst (10) (3.0) (1.0)

S269  Pd(OAc), (10) P(p-MeOCsHa4)3 (40)  Cs2COs 1.0+ o-xylene 53 (15)
(3.0 1.0 (1.0)

S27 Pd(OAc), (10) P(p-MeOCsHa4)3 (80)  Cs2COs 2.0 o-xylene 45 (34)
(3.0 (1.0)

S28 Pd(OAc): (20) P(p-MeOCsHa)s (80)  Cs2COs 2.0 o-xylene 810
(3.0) (1.0)

a) Yields in parentheses correspond to recovered 1a. The yields were determined by 'H NMR

spectroscopy using 1,1,2,2-tetrachloroethane as an internal standard. b) The reaction was performed

at 110 °C. c¢) The reaction was performed at 120 °C. d) The reaction was performed at 130 °C. e) After

stirring for 20 hours at 140 °C, an additional one equivalent of 2a was added to the reaction system

and the reaction was carried out for further 20 hours at 140 °C. f) Isolated yield.
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S5: 2D NOESY spectra
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Figure S1. NOESY spectrum of 3ab.
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Figure S2. NOESY spectrum of 3ac.
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S6: Confirmation of the structure of Int-1ad
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)

T 10245

abundance

-
1.00

!ﬂ

12.0
X : parts per Million : Proton

TTT T TTrTTY

30

LELL I BN L B S A i

-1.0

YT

-2.0

ol > =
ol ~ v
- o

T R.206
T R84

7.678
— T 7.658
T 7.640

-~
g2
~ o~

7.159

X : parts per Million : Proton

S—
7.7

7.6

N

=

o

— v

2- | S 3 !

= L /g "
E | \

o /

e o |
=1 i1 L/ i
= | v’ '
= I
e I
= | )

!
v
= || 'V, = ! i / { {
3 / i | | f |
-t / i 1| J
S ‘ i " .I' A I ) f t
\ |t i f i
e ay | | LA )l
< | L" II I'v l'(-- - " A',A--J,; I |. I :; e
9 ) " .’ '[' = / N 11 BN M "»/‘ =1
8 g“ 'v Mt .‘j‘ = 1 rl i ! | :: ! '-r 1S -
- J y A | | | I I IR
] {1 A1 | " IR
1 Uil A
- ‘EADAN vl it | it Ml
= —N iV L = 1] A —1 1t Ul Y\ — 1) 11!
= 3 | v U\ {\J Vg v.¥ ¥ ) vV Ut
- R T bkl s SRS ) e L I e,
I R A I ey T v vy e  RERERE

e
7.5

S34



13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)
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'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)

¢  EZZEFREEIERRAY
g EEEREEEEEREERE N
L] A\ / > N
IR < N \@\
- Q
a CN
1e
<
S-
2
=
:
= |
T o - e e S e e et s s ittt Vi oo sttt - ~ -
R SRl St s ottt L B R A AR B o eSS A R :
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 600 500 400 300 200 100 0 -10.0 -20.0
X : parts per Million : Carbon13
= g 2 & & 3 g2 28
ol e =] = > > = = %
= = = = £ - - =
o | |
= |
| I |
I .
| [ ' | | i
[
% ' | | | l\ ‘
é | I | |
3 \- | (-
= i " ] | | .‘ |
g ,] ' :f :“: :: :1, _': " I
é o - r-v'\“‘f’\an"w“v'ﬂw“.r“‘/ ;\""‘. I“*“"V‘—-‘vy_/‘v\..*-v»,-pvh-" I .:‘/ﬂ“v\--v‘-."l I\'/o\-—.--l I.""'-/'—‘: .I"W\_;'M'w',-\.-»{-\,h,“f-\n«"xnw.(1.“4\.‘,\..\"\.’«’\- AN pr gl g d g g e N o P A AP I“H‘-'-w-r “.u“: “"\.-\\»—mw.u‘wﬁ*—ww\m,\-«
T T T O T O T T [ T e O T T T T T T T T O T e [ T O T T
136.0 1350 1340 133.0 1320 1310 130.0 129.0 12800 127.0 126.0 1250 1240 1230 1220 121.0 1200 1190 1180 117.0
X : parts per Million : Carbon13

S41



I=

€09tL
L9t°L
8t
659°L
FoL'L
108°L
LOR'L
CIvL
LIRL

806'L
9T6'L
626'L
991’8
8818
6LES

oo

Cl

!
\

80

9.0

100

11.0

TT T Ty T

12,0
X : parts per Million : Proton

gL —
LISL .
I8¢ \
6T8°L
R06L

9T6L .
6T6°L —

9918
8818

75

7.6

83 82

84

X : parts per Million : Proton

fm._..ﬂ o
ot __
>>>>> mﬁ,_ll o -
T ———
T r Lhas anannas o
oe 0¢ | 0
asuepunqe

€0

1
,_
|
=
\ 3
a_ L
S
} o
_m m
|u
N g
|
4
|
| a
|
|
)
J
D d
N
]
_ i
% ”
| .
_ -
b
0
20uepunqe

TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)

X : parts per Million : Carbon!3
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'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)

1S
=
ey

10.0

(thousandths)

- - . o

T 162.858

L

[ R e R

— 2L111

T 18.657

Me

|\

X : parts per Million : Carbon13

TTT T TTT
60.0 150.0

140.0 1300 120.

LI [ B B B B [ B e
60.0 500 400 300 200 100

2100 200

20.0

(thousandths)

141.0 1400 1390
X : parts per Million : Carbon13

137.723

LJNLINL I B L TTY T T[T AvrreTT

L T e T s P p—

136.947
135.308
131.302
130.268

129942

LY i I- 1
R T N PN RS

LA R AR RN R R N RN AR RN N

129549

130.0

i
|
|
|

J 1 J J [
o\ ; ¢
L WO e A A P S oA e, i AN AP

TPV VI T vy

T
128.0

S47



TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)

(thousandths)

R S Z
S5 84 ) =
$2523 2 S Br Me
'\.’
VAR
r |
. 2b
=
(o]
]
e
=8
o e - st e [V - ~ -

l“"'l"l""lr"l""l"'[""["ll""‘l_l—'
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0
X : parts per Million : Carbon13

T

70.0

T

60.0

v

S . o
500 400 300 200 100

-

(thousandths)

20.0

10.0

P it o oA

S — 1S RERSE

141.0

140023
139975

|
e

TTT Y

140.0

T T T3 A9T

T 120510

129664

T i i T i A ad e TR
S —— ——

139.0

R TrTTprTTTTTTTTY

137.0 136.0

........ e

138.0 134.0

X : parts per Million : Carbon13

W P ey

S R R R E R R T T

133.0 132.0 131.0 130.0

[ I SRR

Rk Y T A VE PN Y
S— R —

129.0 128.0 127.0

S55



Br

Me

2c

2.0

TTTTTTTY

1.0

=

—

1.0

R R R

2.0

T

T T T T I YT T TrTrTTT
30

4.0

50

7.0

8.0

—

9.0

TTTYT Ty

10.0

11.0

o—

—
12.0
X : parts per Million : Proton

I

6869
”*Noo.c —
600°% ___
|€10°L —

6Ll

6L
S69L

€0 |

N §
L
——— H//d:f.l. — .Jw

€0 !
ﬁ- o ..‘..L\
e —— —

7.0

7.1

A

75 74 ‘ 73 72

7.6

7.7

X : parts per Million : Proton

A

0L

09

0's

Y

oy

0¢

T

0T

.I_
01 0

duepunqe

0l 0

duepunqe

TH NMR (400 MHz, CDCL)

S56



13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)

(thousandths)

50.0

2

10.0

40.0

30.0

S S & 33 5 2
L - =) 3; L] ~
g § 8 =% g %
3 $ & ==

)

Br:O/OMe
I

2f

] | | J
v et A A RO oA S M T w 4 —— A“_L " ool e v y— e ——_— S - fop e

¥

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 1000 90.0 800 700 600 500 400 300 200 100 0 -10.0 -200

X : parts per Million : Carbonl3

S63



TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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3C{'H} NMR (100 MHz, CDCl)
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TH NMR (400 MHz, CDCL)
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3C{'H} NMR (100 MHz, CDCl)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)

: RE3IARELER 22282543
BB
q -
o O RS
= N/ N
X
- @]
) 3ba
o0
=)
0 -
S
-+
=<
g e~
2 | |
o ‘
Mo R bt b .. i Mo e 0 i A 5t Ao kL el b . it e 1 ekt b oM s i ok Ll bt e st
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 600 500 400 300 200 100 0 -100 -20.0
X : parts per Million : Carbon13
A 5 & §388 3 $ as g 3
= - =] > oo x ~ & e * ~
= oz ooaood o o od - -
o 3 ’ i
2 | R4 |
<.
o
S ’ ’
™3
Q p
S |
S 1 |
b |
= | {
-+ |
|
O: { | Il 1|;l l h I
o [ | | ! ‘_'I l " I'
- I Pl i ;| !
é o | ‘ II ] ;I | nn I'
3 oL oo i |
é (=1 -u'w““"-““-“"’"’—'\r‘.}"} oy .-"‘-_-"-f _/;l_-" ."J.-'_'.-‘-‘ LY \.*.“.\) V :‘."\“\’: W A."'-.‘"_."!"w" I-“I’A,);‘(n.-..y': h‘“‘“’“'."nq!lﬁ"‘-".r-’\l"“’l"‘n’ﬂ v’“‘\lr-\,".""‘-,'."’"’"”.'j‘JI - ,'V.,pulrﬂ.,'\,\‘-."‘J_“-,\u‘_;"“\‘p""tLM"':‘I;‘_M.;_.'-l"?‘-‘.I‘-\J\‘\,'-A-\f_. vy r,\,.'.«".”h, _’: \‘.-}'._\_-‘ 3 _,'w{,_.""/_a-"...‘._,,‘,“;\.1,",‘4'-\.’-\]
T T T T T T N T T T T [ T T [ N N T T [ N T T T [T T T T A T T N N N [ T N A TN TN T [ T AT T [N T T T T VT T I N TN [T TN T T AT [T RN N T T T [T RN T AT I T (YR T T TTN T T [T T AT T[T T Y
133.0 132.0 131.0 130.0 129.0 128.0 127.0 126.0 125.0 124.0 123.0 122.0 121.0 120.0 119.0 118.0 117.0 116.0
X : parts per Million : Carbon13

S73



'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)

PR R R ]
AEASAAZASERIZLAEEES g
sowﬂo—oaaoounonmuhm wy

Vit Sl cl oo el — == wi

Y/
/
/ ;:.’I;

|

L

?

\

10.0
1

| |
it g e o n

T T T L N B A l T T rr I TryrrJyrrrryrerrs rrrryrrrrJrrr
2200 2l00 2000 1900 1800 I?OO 1600 l500 l400 130.0 120.0 1100 1000 90.0 800 700 600 500 40.0
X : parts per Million : Carbon13

(thousandths)

0

e il A
‘‘‘‘‘ R B

200 100 0 -100 -200

§-iit
:

aE 8 g Z 23885982 22 23 @
g8 ¢ g 2 23388888 89 == &
\\liZ77/ ¥ [

1

_ " I | | | ; ’ ‘ E |
| | l LI | | |
rwmwu u‘-’\w*‘jﬁvmquNMw\’k#‘ﬂmw YAy HMM‘W ’ﬂrmeWM“'\&v“.«wa”‘"‘ fm«'w,-wa#w‘ %M.mm'»m v, ‘Wd‘ f-w'-.nhw'w«

I.O 20 30 40 50 6.0 7.0 80 9.0 100

(thousandths)
0

T T T T

1600 1500 l400 1300 1200
X : parts per Million : Carbon13

S75



111 ) [—

916

L

=
o

T

2.0

-1.0

T T T T T

1.0

P,

20

YT
|

30

40

Y

6.0 5.0

70

“s.o'

1.0 100

T

12.0

T

€0L9

1Y

07L9 1\!
6TL9
SEL9 \

PrL9

€908
PRO8

63€°8
8658 |
Sor's
S0r'8
2Irs /\
SIE's
s %
68 —
oS
g .

|

£0'1 _
=
S
(R

yrevevee

81 91

,v._.

X : parts per Million : Proton

« wwo. _..w&._ vwo A Nno.;.

dduepunqe

TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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'H NMR (400 MHz, CDCl)
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13C{IH} NMR (100 MHz, CDCl;)
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'H NMR (400 MHz, CDCl)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)

(thousandths)
20 40 60 80 100 120 140

0

— e . e e e e e e e e e -

L ll ‘

55.992

!

I} 1

X : parts per Million : Carbon13

n

T T

LI L B

10.0 0

2100 200

o z2 —_ v
oo i - -~
Mme B N N
M omae a A8
S | ]- i
) | |
S 3 | ‘
) |
< l [
o |
| 1 |
{ { '
tt Bl
| ! |
-2 0 Col
é— | |" { I
' ]
= | \
§ | | { ]
=] JAYAWAVA ALY
E (= e i -V "\"—"’"‘--'\.ﬂ»"*f‘J -
—

132.0 131.0 130.0
X : parts per Million : Carbon13

127.824
126.597

vvvvv LARREREERS LI T T

127.0 126.0

TYT T TroITT

125.0

TY T YT

1240  123.0

TTT YT oo

1220 1210

~ 118.883
118.768

|l
1
i

116.641

117.0

\ J 1 Il P 7\
TN P A ATRA L Nt ANt OO N A A st e P it AP i S e pun AN NI it o R T s 7Y SV R

116.0

S103



'H NMR (400 MHz, CDCls)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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TH NMR (400 MHz, CDCL)
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3C{'H} NMR (100 MHz, CDCl)
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TH NMR (400 MHz, CDCL)
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13C{IH} NMR (100 MHz, CDCl;)
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