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(Table 1) 2a

TFE
TFE

Table 1 Solvent effect of anodic oxidation of 1a

0
0
HN\OMe C.C.E. N\OMe
ove 1a LiClO4-solvent I oa

entries solvents yields(%)

1 MeOH 12

2 TFE 67

3 MeNO, 32

4 MeCN 16
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(Table 2)

10 mM

Table 2 Concentration effect of anodic oxidation of 1a

0
o)
"N-ome C.C.E. "-owe
Sve 1a LiClIO,4-TFE T o
entries  concentrations (mM) yields(%)
1 2 50
2 20 67
3 200 complex mixture
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1b 1c
2a-2c (Table 3)
PIFA

Table 3 Substitution effect of anodic oxidation of 1a-1c

o 0
HN\OMe C.C.E. N\OMe
X LiClO,-TFE
OMe o
yields (%)
entries substrates

Direct anodic oxidation PIFA
1 la (X=H) 67 Quant.
2 1b (X=Cl) 45 67
3 1lc (X=Br) 59 75
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heliannuol
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1,2-

(Table 4) Ac,0 H,SO, 26)

Table 4 Rearrangement reaction of 2a

0 o]
9 N/OMe
“OMe | ewis acid
o] OR
entries conditions yields (%)
1 BF3‘Et20 / DCM
2 BF3-Et20
no reaction
3 Tf,0
4 H,S0, / Tf,O
5 H2504 / ACZO 11% (R = AC)
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2.5 F/mol
la

PIFA
2a 1b 1c

PIFA
(Table 5)

Table 5 Oxidation of 1a-1c utilizing preoxidized iodobenzene

Phl Active Species
TFE, LiClO,4
o]
0
HN N~ome
“OMe
X X
OMe o]
ields (%
entries substrates y )
Preoxidized Phl PIFA
1 la (X =H) Quant. Quant.
2 1b (X =Br) 89 75
3 lc (X=ClI) 94 67
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(Table 6) TFE

3
(Table 6, entry 1-5)
3
TFE
TFE
TFE
TFE
(Table 6, entry 7) 20%TFE DCM
TFA
(Table6, entry 8) 74%
PIFA
TFA
TFA TFE
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Table 6 Effect of solvent

Phl Active Species
solvent
LiCIO,4
0
o}
o}
OH
OH 5 o 6
entries solvents yields (%)
1 MeOH
2 EtOH
3 DCM No reaction
4 MeNO,
5 MeCN
6 TFE 97
7  20%TFE in DCM 43
8 TFA 74
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(Table 7)

Table 7 Effect of electrode

I(OCH,CF3),
Phi ©/
TFE, LiClO, 3

0
o}
o
OH
OH S o 6
entries  electrodes p(()\t/(f:gtlglgE(;/) yields (%)
1 glassy carbon 1.9 97
2 Pt net 2.2 93

28



(Table 8)

Table 8 Effect of electrolyte

©/|(OCH2CF3)2
3

Phl
electrolyte
TFE
o}
o}
OH
OH 9
entries  electrolytes yields (%)
1 LiClO, 97
2 nBu4NCIO, 84
3 nBuyNBF, 75
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(Table 9)

Table 9 Effect of amount of Phl

I(OCH,CF3),
PhI ©/
TFE, LiClO, 3

(0]
(0]
(0]
OH
OH 5 o 6
entries eq. of Phl yields (%)
1 2.0 97
2 1.5 62
3 1.0 40
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(Table 9, entry 3)
2.5 F/mol
(Table 10)

2.5 F/mol

Table 10 Effect of amount of electricity

I(OCH,CF3),
PRI — @(
TFE, LiClO, 3

o]
0
o)
OH
OH S o 6
entries F/mol yields (%)
1 2.5 40
2 5 36
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LiClO,

TFE

2.5 F/mol 5
F, Cl, Br, |
NO,, CN, CO,Me, CF3, COCH3
Me, OMe, OAcC

(Table 11, entry 1-3) 1,4-
(Table 11, entry 4)
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TFE 1,4-

Table 11 Effect of substituents (1) — halogens

/©/| anodic oxidation /©/|(OCH2CF3)2
R TR

TFE
O
O
(0]
OH
B —
O 6

OH 5

entries R potentia(l;s,/)v s. SCE yields (%)
1 F 1.8 91
2 Cl 1.7-1.9 84
3 Br 1.3-1.6 84
4 I 1.8-3.0 No reaction
5 H 1.8-1.9 97
6 PIFA e 84

PIFA (79-84%) (Table 12)
NO,
H,O
5 TFE
(71%) (Scheme 16)

Table 12 Effect of substituents (2) — electron withdrawing groups
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/©/| anodic oxidation /©/|(OCH2CF3)2
R B

TFE
)
0
(0]
OH
—_—
OH 5 O 6

potentials vs. SCE

entries R ields (%)
V) Y
1 COOMe 1.9-2.1 84
2 Ac 1.8 84
3 NO, 2.1 79
4 CN 1.9-2.1 81
5 CFs 1.9-2.1 82
6 H 1.8-1.9 97
7 PIFA — 84
I(OCH,CF3), O
o I
o)
OH OxN 11
TFE
OH 5 1% o 6
Scheme 16 Oxidation of 5 using 11
NMR
X
EI-MS
[0,NCgH41"OCH,CF4] 3
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(Table 13, entry 1)

11)
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Table 13 Effect of substituents (3) — electron donating groups

/©/| anodic oxidation /©/|(OCH2CF3)2
R TR

TFE
0]
O
O
OH
B —
O 6

OH 5
entries R potenua(l;s;y s. SCE yields (%)
1 Me 1.5-1.6 74
2 OMe 1.4-1.5 No reaction
3 OAc 1.6-1.7 No reaction
4 H 1.8-1.9 97
5 PIFA —_— 84

(Table 14, entry 1)

(Table 14, entry 2)
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Table 14 Effect of substitution position

0 N I(OCH,CF3), o
N~ (0]
OH
OH 3 o 6
substitution position
entries substituents
2- 3- 4-
1 Me 89 81 74
2 NO, 65 14 79
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Table 15 Oxidation of the methoxyamides

0
Q MeO.
RO\©\/\)J\N/OM6 3 RO. N
H _ RO
X N“~0
X  OMe X
a b

products (yield, %)

entries substrates
preoxidized iodobenzene PIFA
1 14 (R = Me, X = OAC) 15a (83) 15a (76)
2 16 (R = Me, X = Cl) 17a (68) 17a (43)
3 18 (R = Me, X = Br) 19a (32) 19a (26)
4 20 (R = Me, X =CN) 21b (17) 21b (44)
5 22 (R = Bn, X = OAc) 23a (84) 23a (75)
6 24 (R = Ac, X = 0Ac) complex
7 25(R=Ac, X=Cl) complex
C-8
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Experimental section
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General

'H NMR and **C NMR spectra were obtained on JEOL JMN EX-270 and JEOL JNM
GX-400 spectrometers. Deuteriochloroform was used as a solvent unless otherwise
stated. Chemical shifts (d) are expressed in ppm from Me,Si as an internal standard.
High-resolution mass spectra were obtained on a Hitachi M-80 B GC-Msspectrometer.
Infrared spectra were recorded on a JASCO Model A-202 spectrophotometer.

All anodic oxidation was conducted using HA-301 (Hokuto Denko) as a galvanostat, a
glassy carbon beaker or platinum net as anodes, a platinum wire as a cathode, and SCE
as a reference electrode.

Silica gel column chromatography was carried out using Kanto Chemical silica gel 60N
(spherical, neutral, 63-210 um) or Nacalai Tesque silica gel 60 (spherical, neutral,
105-210 um)

Reactions were carried out under an argon atmosphere unless otherwise stated.

Reaction temperatures were measured externally.

Preparative and analytical TLC were carried out on silica gel plates (Kieselgel 60 F254,
E. Merck AG., Germany)

Reaction was monitored by either UV (254 nm) light and/or stained with 5%
phosphomolybdic acid in EtOH as developing agent, followed in the latter case by

heating on an electric plate.

Yields refer to chromatographically and spectroscopically pure compounds.
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General procedure of oxidation with PIFA

To a solution of a substrate in TFE was added PIFA at —10 °C. After being stirred at
the same temperature for 30 min, the reaction mixture was diluted with H,O and
extracted with EtOAc. The organic layer was dried (MgSQO,) and evaporated. The
residue was chromatographed on preparative TLC to give products.
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2-1
Synthetic study of azaspirodienone compounds using anodic
oxidation

General procedure of direct anodic oxidation

A solution of a substrate (0.5 mmol) in TFE (25 mL) containing LiCIO, (1.25 mmol)
was electrolyzed (CCE at 0.3 mA/cm?, 2.5 F/mol, a glassy carbon beaker as an anode, a
platinum wire as a cathode). After electrolysis, the reaction mixture was diluted with
H,O and extracted with EtOAc. The organic layer was dried (MgSO,) and evaporated.

The residue was chromatographed on preparative TLC to give products.
Section 3: Solvent effect

Instead of TFE, MeOH/MeNO»/MeCN was used as a solvent.

Section 4: Concentration effect

2 mM: A solution of a substrate (0.25 mmol) in TFE (125 mL) containing LiClO,4
(6.25 mmol) was electrolyzed.
200 mM: A solution of a substrate (2.0 mmol) in TFE (10 mL) containing LiCIO4 (0.5
mmol) was electrolyzed.

Physical data

O

HN
“OMe

OMe

N-Methoxy-3-(4-methoxyphenyl)propanamide (1a)"™ :

'H NMR & 8.14 (1H, brs), 7.12 (2H, d, J = 8.4 Hz), 6.83 (2H, d, J = 8.4 Hz), 3.78 (3H,
s), 3.68 (3H, s), 2.92 (2H, t, J = 7.6 Hz), 2.75-2.34 (2H, complex).
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OMe

(0]
1-Methoxy-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (2a)*™ :
'H NMR 5 6.84 (2H, d, J = 10.0 Hz), 6.38 (2H, d, J = 10.0 Hz), 3.80 (3H, s), 2.55 (2H, t,
J=8.0Hz),2.18 (2H, t, J = 8.0 Hz).

O

HN
“OMe

OMe
3-(3-Chloro-4-methoxyphenyl)-N-methoxypropanamide (1b) :
'H NMR § 8.16 (1H, brs), 7.21 (1H, brs), 7.06 (1H, brd, J = 8.0 Hz), 6.85 (1H, d, J =
8.0 Hz), 3.87 (3H, s), 3.70 (3H, s), 2.91 (2H, t, J = 7.4 Hz), 2.70-2.32 (2H, complex).
3C NMR § 169.76, 153.44, 133.46, 130.00, 127.69, 122.16, 112.10, 64.35, 56.12, 34.92,
30.14.
IR (film) 3181, 1657, 1503, 1441 cm™
HRMS found m/z 213.0577, calcd for C1oH1,°°CINO, (M-OMe) 213.0556.

OMe

C
o

7-Chloro-1-methoxy-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (2b)**? :
H NMR 5 7.04 (1H, d, J = 2.8 Hz), 6.90 (1H, dd, J = 2.8, 10.0 Hz), 6.48 (1H, d, J = 10
Hz), 3.80 (3H, s), 2.58 (2H, t, = 7.8 Hz), 2.26 (2H, 1, J = 7.8 Hz).
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O

HN
“OMe

Br
OMe

3-(3-Bromo-4-methoxyphenyl)-N-methoxypropanamide (1c) :

'H NMR & 8.07 (1H, brs), 7.39 (1H, brs), 7.12 (1H, brd, J = 8.0 Hz), 6.82 (1H, d, J =
8.0 Hz), 3.87 (3H, s), 3.70 (3H, ), 2.91 (2H, t, J = 7.6 Hz), 2.70-2.32 (2H, complex).
3C NMR § 169.76, 154.23, 133.95, 132.95, 128.40, 111.86, 111.31, 64.11, 56.14, 34.75,
30.03.

IR (film) 3179, 1656, 1498 cm™
HRMS found m/z 255.9978, calcd for C1oH11 "BrNO, (M-OMe) 255.9973.

OMe

Br

(6]
7-Bromo-1-methoxy-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (2c) :
'"H NMR & 7.28 (1H, d, J = 3.2 Hz), 6.87 (1H, dd, J = 3.2, 9.6 Hz), 6.49 (1H, d, J = 9.6
Hz), 3.80 (3H, s), 2.57 (2H, t, J = 8.4 Hz), 2.23 (2H, t, J = 8.4 Hz).
3C NMR & 177.35, 171.53, 147.46, 147.39, 129.47, 126.61, 65.23, 64.40, 27.04, 25.76.
IR (film) 1725, 1672 cm™
HRMS found m/z 270.9829, calcd for C1oH1o"°BrNO;5 (M) 270.9844.
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2-2

Oxidation with hypervalent iodine oxidant generated by anodic
oxidation

General procedure of oxidation with preoxidized iodobenzene.

A solution of iodobenzene (0.5 mmol, 2 eq. mol) in TFE (25 mL) containing LiCIO,
(1.25 mmol) was electrolyzed (CCE at 0.3 mA/cm?, 2.5 F/mol, a glassy carbon beaker
as an anode, a platinum wire as a cathode).  After electrolysis, a substrate (0.25 mmol)
was added to the mixture. After stirring for 30 min, the reaction mixture was diluted
with H,O and extracted with EtOAc. The organic layer was dried (MgSO,) and
evaporated. The residue was chromatographed on preparative TLC to give products.
Section 6: Solvent effect

Instead of TFE, MeOH/EtOH/DCM/MeNO,/MeCN/20%TFE in DCM/TFA was used as
a solvent. TFA was added accordingly since it was decreasing gradually for its highly
volatile property.

Section 7: Electrode effect

Instead of a glassy carbon beaker, a platinum net was used as an anode.

Section 8: Electrolyte effect

Instead of LiClO4, nBusNCIO4/nBusNBF, was used as an electrolyte.

Section 9: Effect of amount of Phl

1.5 eq.: 0.38 mmol of Phl (1.5 eq. of a substrate) was used.
1.0 eqg.: 0.25 mmol of Phl (1.0 eq. of a substrate) was used.

57



Section 10: Effect of amount of electricity

Electrolysis was carried on for twice as long as general reaction time.

Physical data

o}

(0]

(6]
1-Oxaspiro[4.5]deca-6,9-diene-2,8-dione (6)** :
'H NMR 5 6.85 (2H, d, J = 10.0 Hz), 6.29 (2H, d, J = 10.0 HZ), 2.79 (2H, t, J = 8.4 Hz),
2.38 (2H, t, J = 8.4 Hz).

o}
MeO HN
\é\iOMe

N-Methoxy-3-(2-methoxyphenyl)propanamide (7) :

'"H NMR § 8.13 (1H, brs), 7.26-7.15 (2H, complex), 6.90-6.85 (2H, complex), 3.83 (3H,
s), 3.67 (3H, s), 2.96 (2H, t, J = 7.6 Hz), 2.75-2.38 (2H, complex).

3C NMR & 170.52, 157.23, 130.09, 128.48, 127.63, 120.47, 110.20, 64.16, 55.13, 33.28,
26.27.

IR (film) 3173, 1643, 1600, 1541, 1495 cm™

HRMS found m/z 209.1070, calcd for C1;H1sNO3 (M) 209.1051.

1-Methoxy-1-azaspiro[4.5]deca-6,8-diene-2,10-dione (8) :
'H NMR & 7.06 (1H, ddd, J = 2.0, 5.2, 9.6 Hz), 6.44 (1H, dd, J = 2.0, 9.6 Hz), 6.40 (1H,
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dd, J = 5.2, 9.6 Hz), 6.12 (1H, d, J = 9.6 Hz), 3.79 (3H, s), 2.65 (1H, dt, J = 9.6, 17.2
Hz), 2.41 (1H, ddd, J = 3.0, 9.6, 17.2 Hz), 2.15 (1H, ddd, J = 3.0, 9.6, 13.0 Hz), 1.94
(1H, dt, J = 9.6, 13.0 Hz).

13C NMR 5 199.78, 173.67, 141.30, 141.16, 125.07, 124.70, 69.70, 64.28, 26.52, 24.99.

IR (film) 1728, 1672, 1637, 1413 cm™
HRMS found m/z 162.0528, calcd for CgHgNO, (M-OMe) 162.0554.

0]
HN
MeO

N-Methoxy-3-(3-methoxyphenyl)propanamide (9) :

'H NMR & 8.08 (1H, brs), 7.21 (1H, t, J = 7.8 Hz), 6.80-6.75 (3H, complex), 3.79 (3H,
s), 3.69 (3H, s), 2.96 (2H, t, J = 7.6 Hz), 2.78-2.37 (2H, complex).

3C NMR & 169.92, 159.51, 141.85, 129.39, 120.59, 114.02, 111.53, 64.19, 55.08, 34.90,
31.43.

IR (film) 3181, 1658, 1603, 1491 cm™

HRMS found m/z 210.1141, calcd for C1;H16NO3 (M+H) 210.1129.

(@)
N\
OMe
MeO

3,4-Dihydro-1,6-dimethoxyquinolin-2(1H)-one (10a) :

'H NMR & 7.14 (1H, d, J = 8.8 Hz), 6.81 (1H, dd, J = 2.4, 8.8 Hz), 6.74 (1H, d, J = 2.4
Hz), 3.91 (3H, s), 3.80 (3H, s), 2.89 (2H, t, J = 7.6 Hz), 2.69 (2H, t, J = 7.6 Hz).

3C NMR & 164.87, 155.81, 131.10, 125.77, 113.74, 113.22, 111.99, 62.20, 55.38, 31.40,
24.95.

IR (film) 1690, 1674, 1596, 1495 cm™

HRMS found m/z 208.0977, calcd for C;1H14NO3 (M+H) 208.0973.
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3,4-Dihydro-1,8-dimethoxyquinolin-2(1H)-one (10b) :

'"H NMR 8 7.05 (1H, t, J = 7.6 Hz), 6.89 (1H, d, J = 7.6 Hz), 6.77 (1H, d, J = 7.6 Hz),
4.00 (3H, s), 3.90 (3H, s), 2.90 (2H, t, J = 6.8 Hz), 2.68 (2H, t, J = 6.8 Hz).

3C NMR § 167.31, 149.64, 130.07, 128.19, 125.36, 119.59,112.18, 63.12, 56.42, 33.15,
26.16.

IR (film) 1697, 1588, 1484 cm™
HRMS found m/z 208.0953, calcd for C1;H14NO3; (M+H) 208.0972.
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2-3
Substituent effect of hypervalent iodine oxidant generated by
anodic oxidation

General procedure of oxidation with preoxidized iodobenzene.

A solution of an iodobenzene derivative (0.5 mmol, 2 eq. mol) in TFE (25 mL)
containing LiClO4 (1.25 mmol) was electrolyzed (CCE at 0.3 mA/cm?, 2.5 F/mol, a
glassy carbon beaker as an anode, a platinum wire as a cathode). After electrolysis, a
substrate (0.25 mmol) was added to the mixture. After being stirred for 30 min, the
reaction mixture was diluted with H,O and extracted with EtOAc. The organic layer
was dried (MgSO,) and evaporated. The residue was chromatographed on preparative
TLC to give a product.

Preparation of the oxidant produced from 1-iodo-4-nitrobenzene

A solution of 1-iodo-4-nitrobenzene (749 mg, 3.0 mmol) in TFE (150 mL) containing
LiCIO4 (798 mg, 7.5 mmol) was electrolyzed (CCE at 0.3 mA/cm?, 2.5 F/mol, a glassy
carbon beaker as an anode, a platinum wire as a cathode). After electrolysis, the
addition of H,O (50 mL) provided precipitated, which was filtrated, and rinsed by H,0,
then dried to give 11 (484 mg, 36%)

Oxidation of 5 using 11

To a solution of 5 (10 mg, 0.06 mmol) in TFE (2 mL) was added 11 (60 mg, 0.13 mmol,
2 eq. mol) at —10 °C. After being stirred at the same temperature for 30 min, the
reaction mixture was diluted with H,O and extracted with EtOAc. The organic layer
was dried (MgSO,) and evaporated. The residue was chromatographed on preparative
TLC to give 6 (7 mg, 71%)
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2-4
Synthetic study of quinolinone compounds using hypervalent
iodine oxidant generated by anodic oxidation

Procedure of oxidation with peroxidized iodobenzene is referred to 2-2.

Physical data

O
HN
BnO

3-(3-(Benzyloxy)phenyl)-N-methoxypropanamide (12) :

'H NMR & 8.84 (1H, brs), 7.41-7.29 (5H, complex), 7.17 (1H, t, J = 7.6 Hz), 6.82-6.77
(3H, complex), 5.02 (2H, s), 3.63 (3H, s), 2.92 (2H, t, J = 7.6 Hz), 2.75-2.34 (2H,
complex).

3C NMR § 169.94, 158 85, 141.91, 136.92, 129.50, 128.50, 127.86, 127.42, 120.97,
114.99, 112.56, 69.82, 64.16, 34.75, 31.34.

IR (film) 3180, 1658, 1583, 1490, 1452 cm™

HRMS found m/z 254.1201, calcd for C16H1sNO, (M-OMe) 254.1180.

o
N
/(Sj’//\owle
BnO

6-(Benzyloxy)-3,4-dihydro-1-methoxyquinolin-2(1H)-one (13a) :

'"H NMR & 7.41-7.31 (5H, complex), 7.11 (1H, d, J = 8.8 Hz), 6.85 (1H, dd, J = 2.4, 8.8
Hz), 6.79 (1H, d, J = 2.4 Hz), 5.02 (2H, s), 3.88 (3H, s), 2.85 (2H, d, J = 7.4 Hz), 2.65
(2H, d, J = 7.4 Hz).

3C NMR & 165.03, 155.10, 136.75, 131.48, 128.55, 127.97, 127.33, 125.89, 114.87,
113.34, 113.18, 70.33, 62.35, 31.50, 25.06.

IR (film) 1690, 1590, 1496, 1437 cm™
HRMS found m/z 283.1198, calcd for C;17H17NO3 (M) 283.1206.
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O

MeO _.OMe
N
H
OAc

2-(2-(Methoxycarbamoyl)ethyl)-4-methoxyphenyl acetate (14) :

'H NMR & 8.81 (1H, brs), 6.92 (1H, d, J = 8.8 Hz), 6.77-6.74 (2H, complex), 3.75 (3H,
s), 3.62 (3H, ), 2.84 (2H, t, J = 7.6 Hz), 2.31-2.27 (5H, complex).

3C NMR & 170.42, 169.50, 157.22, 142.17, 133.11, 122.91, 115.26, 112.43, 63.86,
55.30, 32.87, 25.90, 20.67.

IR (film) 3192, 1757, 1660, 1499 cm™

HRMS found m/z 268.1204, calcd for C13H1sNOs (M+H) 268.1184.

MeO

ITI O
OAc OMe

1,2,3,4-Tetrahydro-1,6-dimethoxy-2-oxoquinolin-8-yl acetate (15a) :

'H NMR 8 6.64 (1H, d, J = 2.8 Hz), 6.49 (1H, d, J = 2.8 Hz), 3.78 (3H, 5), 3.73 (3H,s),
2.87 (2H,t,J=7.2 Hz), 2.66 (2H, t,J = 7.2 Hz), 2.27 (3H, s).

3C NMR & 168.87, 165.55, 156.64, 139.04, 130.61, 122.90, 111.50, 107.92, 62.49,
55.52, 32.03, 26.04, 20.60.

IR (film) 1765, 1693, 1485 cm™

HRMS found m/z. 222.0772, calcd for C1;H12:NO4 (M-Ac) 222.0766.

o}

MeO _.OMe
N
H
Cl

3-(2-Chloro-5-methoxyphenyl)-N-methoxypropanamide (16) :

'"H NMR & 8.85 (1H, brs), 7.22 (1H, d, J = 8.8 Hz), 6.80 (1H, d, J = 3.0 Hz), 6.70 (1H,
dd, J=8.8, 3.0 Hz), 3.75 (3H, s), 3.69 (3H, s), 3.04 (2H, t, J = 7.8 Hz), 2.75-2.40 (2H,
complex).

3C NMR § 169.71, 158.25, 138.74, 130.01, 124.93, 115.97, 113.46, 64.24, 55.38, 32.73,
29.56.
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IR (film) 3181, 1657, 1598, 1577, 1477 cm™
HRMS found m/z 212.0454, calcd for C1oH1;*°CINO, (M-OMe) 212.0473.

MeO

Cl Owme
8-Chloro-3,4-dihydro-1,6-dimethoxyquinolin-2(1H)-one (17a) :
'"H NMR & 6.84 (1H, d, J = 3.0 Hz), 6.64 (1H, d, J = 3.0 Hz), 3.86 (3H, ), 3.79 (3H, s),
2.88 (2H,t, J=7.0 Hz), 2.67 (2H, t, J = 7.0 Hz).
3C NMR § 166.78, 156.49, 132.40, 123.72, 114.96, 112.55, 110.89, 62.47, 55.60, 32.72,
26.77.
IR (film) 1697, 1605, 1575, 1477, 1436 cm™
HRMS found m/z 241.0521, calcd for C13H1,>°CINO; (M) 241.0505.

o

MeO _.OM
e N e
H
Br

3-(2-Bromo-5-methoxyphenyl)-N-methoxypropanamide (18) :

'H NMR & 8.12 (1H, brs), 7.41 (1H, d, J = 8.8 Hz), 6.83 (1H, d, J = 2.6 Hz), 6.66 (1H,
dd, J = 8.8, 2.6 Hz), 3.77 (3H, s), 3.70 (3H, s) 3.06 (2H, t, J = 7.8 Hz), 2.75-2.39 (2H,
complex).

3C NMR & 169.64, 158.86, 140.47, 133.20, 116.07, 114.41, 113.77, 64.10, 55.30, 32.77,
31.89.

IR (film) 3181, 1658, 1595, 1573, 1473 cm™

HRMS found m/z 289.0110, calcd for C11H1,"BrNO; (M) 289.0136.

MeO

Br  Ome

8-Bromo-3,4-dihydro-1,6-dimethoxyquinolin-2(1H)-one (19a) :
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'H NMR & 7.05 (1H, d, J = 2.6 Hz), 6.69 (1H, d, J = 2.6 Hz), 3.79 (3H, s), 3.78 (3H, s),
2.88 (2H, t, J = 7.0 Hz), 2.67 (2H, d, J = 7.0 Hz).

3C NMR § 166.60, 156.60, 132.72, 130.05, 118.36, 113.25, 110.96, 62.04, 55.68, 32.69,
26.85.

IR (film) 1696, 1604, 1565, 1473 cm™

HRMS found m/z 286.0085, calcd for C1;H13'°BrNO3 (M+H) 286.0078.

O

MeO N/OMe
H
CN

3-(2-Cyano-5-methoxyphenyl)-N-methoxypropanamide (20) :

'H NMR 8 8.34 (1H, s), 7.55 (1H, d, J = 8.0 Hz), 6.90 (1H, d, J = 2.4 Hz), 6.81 (1H, dd,
J=8.0,2.4Hz),3.84 (3H,s),3.72 (3H, s), 3.16 (2H, t, J = 7.6 Hz), 2.80-2.46 (2H,
complex).

3C NMR & 169.00, 162.92, 146.51, 134.49, 118.33, 115.38, 113.04, 103.47, 64.23,
55.50, 33.46, 30.14.

IR (film) 3184, 2219, 1659, 1605, 1569, 1496 cm™

HRMS found m/z 204.0879, calcd for C11H1,N,0, (M+H-OMe) 204.0897.

O
NC N
\&fOMe
OMe

1,2,3,4-Tetrahydro-1,8-dimethoxy-2-oxoquinoline-5-carbonitrile (21b) :

'H NMR § 7.42 (1H, d, J = 8.4 Hz), 6.94 (1H, d, J = 8.4 Hz), 4.01 (3H, s), 3.98 (3H, 3),
3.14 (2H,t,J = 7.6 Hz), 2.74 (2H, 1, = 7.6 Hz).

3C NMR & 166.92, 153.17, 133.73, 130.28, 117.30, 112.03, 103.24, 63.88, 56.53, 32.34,
24.89.

IR (film) 2220, 1694, 1598, 1499 cm™

HRMS found m/z 202.0769, calcd for C1;H10N,0, (M+H-OMe) 202.0742.
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BnO _.OMe
N
H
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2-(2-(Methoxycarbamoyl)ethyl)-4-(benzyloxy)phenyl acetate (22) :

'"H NMR & 8.47 (1H, brs), 7.29-7.21 (5H, complex), 6.83-6.70 (3H, complex), 4.90 (2H,
s), 3.50 (3H, ), 2.74 (2H, t, J = 7.4 Hz), 2.60-2.14 (5H, complex).

C NMR & 170.51, 169.35, 156.42, 142.32, 136.51, 132.96, 128.42, 127.87, 127.33,
123.04, 116.34, 113.56, 70.23, 64.20, 33.11, 26.15, 20.95.

IR (film) 3186, 1756, 1661, 1497 cm™
HRMS found m/z 344.1497, calcd for C19H22NOs (M+H) 344.1497.

BnO

I}l @)
OAc OMe

6-(Benzyloxy)-1,2,3,4-tetrahydro-1-methoxy-2-oxoquinolin-8-yl acetate (23a) :

'H NMR & 7.34-7.29 (5H, complex), 6.64 (1H, d, J = 2.6 Hz), 6.51 (1H, d, J = 2.6 Hz),
4.94 (2H, s), 3.66 (3H, s), 2.80 (2H, t, J = 7.0 Hz), 2.59 (2H, t, J = 7.0 Hz), 2.20 (3H, s).
3C NMR & 168.74, 165.38, 155.70, 138.91, 136.07, 130.55, 128.51, 128.16, 127.33,
123.16, 112.24, 108.88, 70.38, 62.62, 32.16, 26.20, 20.78.

IR (film) 1768, 1694, 1590, 1481 cm™
HRMS found m/z 310.1051, calcd for C,1gH16NO,4 (M-OMe) 310.1078.

o

AcO .OMe
N
H
OAc

N-methoxy-3-(2,5-diacetoxyphenyl)propanamide (24) :

'H NMR & 8.74 (1H, brs), 7.24 (1H, d, J = 8.1 Hz), 6.93-6.85 (2H, complex), 3.59 (3H,
s), 2.87 (2H, t, J = 7.6 Hz), 2.70-2.24 (8H, complex).

B3C NMR § 169.30, 169.04, 149.25, 148.76, 130.73, 129.62, 119.26, 116.04, 64.13,
33.13, 25.49, 21.07, 20.92.

IR (film) 3194, 1765, 1664, 1501 cm™

HRMS found m/z 296.1144, calcd for C14H1sNOg (M+H) 296.1133.
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3-(2-(Methoxycarbamoyl)ethyl)-4-chlorophenyl acetate (25) :

'"H NMR & 8.49 (1H, brs), 7.31 (1H, d, J = 8.4 Hz), 6.99 (1H, d, J = 2.7 Hz), 6.89 (1H,
dd, J=8.4,2.7 Hz), 3.64 (3H, s), 3.04 (2H, t, J = 7.4 Hz), 2.75-2.25 (5H, complex).
3C NMR § 169.26, 169.15, 148.98, 130.05, 128.17, 127.11, 123.69, 121.06, 64.30,
32.52,29.28, 21.08.

IR (film) 3185, 1763, 1660, 1475 cm™

HRMS found m/z 272.0690, calcd for C1,H15°°CINO, (M+H) 272.0688.
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