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General Information:

The 1H NMR, 19F NMR and 13C NMR were recorded with Bruker 400 MHz 

spectrometer instruments in CDCl3. The chemical shifts (δ) of 1H NMR and 13C NMR 

were measured in ppm, referenced to residual 1H and 13C signals of nondeuterated 

CDCl3 (δ = 7.26 and 77.00) as internal standards. All solvents were obtained from 

commercial sources and were purified according to standard procedures. Purification 

of products was accomplished by flash chromatography using silica gel (200~300 

mesh). Thin layer chromatography (TLC) was performed on Merck silica gel GF254 

plates and visualized by UV-light (254 nm). Melting points were obtained on a Yanaco-

241 apparatus and are uncorrected. HRMS were recorded on Agilent 6520 Q-TOF mass 

spectrometer with ESI resource.

Preparation of Starting Materials:

General Procedure 1:

MePPh3Br
KOtBu

THF TFA, EtOAc

triphosgene

CH2Cl2

SI-1 SI-2 SI-3 1

NaBH(OAc)3 Et3N
R1

NH2

O

R2

R1

NH2

R2

R1

NH

R2
R3 R4

O

N
Cl

R2

O
R3 R4

R1

R3 R4

A mixture of MePPh3Br (1.5 equiv) and KOtBu (1.5 equiv) in THF (0.3 mmol/mL) 

was stirred at room temperature for 1 h. Then SI-1 (1.0 equiv) was added dropwise to 

the reaction mixture at 0 oC. The reaction was stirred at room temperature until the 

starting material was disappeared. After that the solvents were evaporated under 

reduced pressure. The residue was purified by column chromatography to give SI-2.

The SI-2 (1.0 equiv) was dissolved in ethyl acetate (0.25 M). The aldehyde or ketone 

(1.2 equiv) was added followed by trifluoroacetic acid (2.0 equiv). The reaction was 

stirred for 30 minutes then sodium triacetoxyborohydride (2.0 equiv) was added. The 

reduction was stirred for 2 h then quenched with 4 M NaOH. The reaction was diluted 

with ethyl acetate and washed twice with brine. The organic layer was dried over 
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magnesium sulfate, filtered, and concentrated under reduced pressure. The crude was 

purified by flash column chromatography to give SI-3.

The SI-3 (1.0 equiv) was dissolved in dichloromethane (0.3 M) and cooled to 0 oC. 

Then triethylamine (2.0 equiv) was added followed by triphosgene (0.5 equiv). The 

reaction was warmed to room temperature and stirred until completion indicated by 

TLC. The reaction was quenched with water and extracted twice with dichloromethane. 

The organic layers were dried over magnesium sulfate, filtered, and concentrated under 

reduced pressure. The crude starting materials were purified by flash column 

chromatography in ethyl acetate/petroleum ether mixtures to give 1.
General Procedure 2:

140 oC N
Cl

OBn 1

NH2

SI-2

R1 +
Montmorillonite, KSF

NH2
R1 R1

Aniline (1.0 equiv), phenylacetylene (1.1 equiv) and montraorillonite KSF (100.0 

mg/mmol) are introduced in a round bottomed flask equipped with magnetic stirrer and 

a reflux condenser. The reaction mixture is heated at 140 oC for 5 hours and then cooled 

to room temperature. The crude mixtures were dissolved with dichloromethane and 

filtered. Then the solvents were concentrated in vacuo and the crude was purified by 

column chromatography (silica gel, appropriate mixture of petroleum ether/ethyl 

acetate) to give SI-2.

(Note: The remaining procedure follows the General Procedure 1.)

General Procedure 3:

CN

NH2

C4H9Br

THF, 0oC-rt NH2

C4H9

O

N
Cl

C4H9

OBn
1dSI-1

To a solution of 2-amino-benzonitrile (1.0 equiv) in dry THF (0.2 mmol/ mL). Then 

the solution of the Grignard reagents (2.7 equiv) in THF solution was slowly added 

dropwise at 0 oC over 30 min. Then the resulting mixture was stirred at ambient 

temperature overnight. Addition of a saturated aqueous NH4Cl solution produced a 
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suspension mixture, then filtered, and extracted with EA. The combined organics were 

dried over MgSO4. After that the solvents were evaporated under reduced pressure. The 

residue was purified by column chromatography to give SI-1.

(Note: The remaining procedure follows the General Procedure 1.)

General Procedure 4:

NH2

Br
BF3 KMe

Cs2CO3
PdCl2(dppf) CH2Cl2 (cat)

THF/H2O(10:1), reflux

NH2

Me NH

Me

SI-2

MeO
MeO

MeI (0.8 eq)
K2CO3 (1.0 eq)

MeO

SI-3

+

N

Me
MeO

Cl

O

triphosgene
pyridine
DCM
0oC-rt

1i

  To a suspension of potassium isopropenyltrifluoroborate (1.1 equiv), Cs2CO3 (3.0 

equiv), PdCl2(dppf)•CH2Cl2 (9.0 mol%) in a solvent mixture (THF/H2O = 10/1) was 

added 2-bromoaniline (1.0 equiv). The reaction mixture was stirred at reflux for 16 h, 

then cooled to room temperature and diluted with water (30 mL) followed by extraction 

with ethyl acetate (50 mL x 3). The combined organic layer was washed with saturated 

sodium chloride (50 mL), dried over MgSO4, concentrated under reduced pressure and 

the crude product was purified by flash chromatography on silica gel (ethyl 

acetate/petroleum ether as an eluent) to give the desired products SI-2.

The mixture of SI-2 (1.0 equiv), MeI (0.8 equiv), K2CO3 (1.5 equiv) in MeCN (1 

g/45 mL) was stirred at room temperature overnight. The solvent was evaporated under 

reduced pressure, the mixture was extracted with ethyl acetate, and washed twice with 

brine, the organic layer was dried over magnesium sulfate, filtered, and concentrated 

under reduced pressure. The crude product was purified by column chromatography to 

obtain SI-3.

To a solution of SI-3 (1.0 equiv) and pyridine (2.0 equiv) in DCM at 0 °C, 

triphosgene (1.0 equiv) was added. The mixture was then allowed to warm to room 

temperature for 60 min and was washed with 1 M HCl, diluted with DCM, dried over 

Na2SO4. After removing the solvent, the residue was purified by column 

chromatography to give substrate 1i.

General Procedure 5:
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Me OH Me OTs Me N
H
R2

TsCl (1.1eq)
Et3N (2 eq)

DMAP (15 mol%)

DCM (0.2 M)
r.t., overnight

R2NH2 (5 eq)
EtOH (1.0 M)
75oC, overnight

SI-4 SI-5 R2 = Ph, 1k
R2 = Bn, 1p

triphosgene
pyridine

DCM, 0oC-rt
Me N

R2

O

Cl

A 250 mL round bottom flask was charged with a mixture of TsCl (1.1 equiv), 

DMAP (15 mol%). The flask was evacuated and backfilled with N2 (This process was 

repeated for three times) before DCM (0.2 M), Et3N (2.0 equiv), and 3-methylbut-3-

en-1-ol (1.0 equiv) were added. The solution was stirred at room temperature overnight. 

After completion, the mixture was quenched with saturated aqueous NH4Cl solution. 

The aqueous layers were extracted with DCM for three times. The combined organic 

layer was washed with brine, dried over Na2SO4, concentrated in vacuo, and 

chromatographed to afford SI-4 as a colorless oil. 

Following the general procedure, SI-4 (1.0 equiv), in the presence of benzylamine 

(5.0 equiv), was consumed based on analysis by TLC after 18 hours of stirring and 

heating. The work up gave a yellow oil, which was purified by flash column 

chromatography to give SI-5 as a colourless oil.

To a solution of SI-5 (1.0 equiv.) in DCM was added pyridine (1.0 equiv) and 

triphosgene (0.5 equiv) in sequence at 0 °C. The mixture was then allowed to warm to 

room temperature for enough time (TLC monitor), and then was quenched with 1 M 

HCl, extracted with DCM, dried over Na2SO4. After removing the solvent, the residue 

was purified by column chromatography to give substrate 1k, 1p.

General Procedure 6:

N
H

PMP
Ph

Ph

O
+

NPMP

Ph

MgSO4
DCM

MgCl

NH2

OMe

N

Ph

PMP
Cl

Otriphosgene
pyridine
DCM
0oC-rt

1l

THF,rt

SI-6 SI-7

In a round-bottomed flask 0.615 g of p-anisidine (5.0 mmol) was taken up in DCM 

(25 mL), 2.0 g anhydrous magnesium sulfate was added and followed by addition of 

0.505 mL of benzaldehyde (5.0 mmol). The reaction was allowed to stir overnight and 

was then filtered and the solvent removed in vacuo to give SI-6.

To a stirred solution of imine SI-6 (1.0 equiv) in anhydrous THF under N2 

atmosphere at room temperature, Grignard reagent (2.5 equiv), which were freshly 
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prepared in anhydrous THF, was then added via cannula. The resulting suspension was 

stirred to additional 30 min. The mixture was cooled to 0 oC and was carefully quenched 

with saturated aqueous NH4Cl. The two phases mixture was separated by a separator 

funnel. The aqueous layer was extracted by EA and the combined organic layers were 

washed with saturated aqueous NaCl, and dried over Na2SO4. After removing the 

solvent, the residue SI-7 was used without further purification.

To a solution of SI-7 (1.0 equiv) and pyridine (2.0 equiv) in DCM at 0 °C, 

triphosgene (1.0 equiv) was added. The mixture was then allowed to warm to room 

temperature for 60 min and was washed with 1 M HCl, diluted with DCM, dried over 

Na2SO4. After removing the solvent, the residue was purified by column 

chromatography to give substrate 1l.

General Procedure 7:

O

+ HCHO +
cat. proline

DMSO, 16-48h, rt

triphosgene
Et3N

DCM, 0oC - rt

SI-8

Ph3PMeBr
t-BuOK

THF, rt

SI-9 1m

NH2

OMe

N

O

PMP
ClNH

PMP

NH
PMP

O

To a solution of cyclohexanone (2.0 equiv) in DMSO were added proline (30 mol%), 

formaldehyde solution (1.0 equiv) and the p-anisidine (1.1 equiv), the solution was 

vigorous stirred at room temperature during 16-48 h. The reaction mixture was 

monitored by TLC. When the reaction was completed, the mixture was quenched with 

saturated aqueous NH4Cl and extracted with EA. The combined organic layers were 

dried over Na2SO4, filtered and concentrated under reduced pressure. The crude residue 

was purified by flash chromatography to give the SI-8.

(Note: The remaining procedure follows the General Procedure 1.)

General Procedure 8:

H

O

OH
+

OH

H

O

ONaHCO3 (2.0 equiv)
(CH3CO)2O (8.0 equiv)

2R4

R4
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In a 100 mL flask equipped with a condenser, acetic anhydride (8.0 equiv) was 

cooled to 0 °C. Then formic acid (10.0 equiv) was added slowly. The solution was 

warmed up to room temperature and stirred for 10 minutes. Then, the mixture was 

heated to 60 °C and stirred for 1 h. After cooling to the room temperature, 

corresponding phenol (1.0 equiv) and NaHCO3 (2.0 equiv) were added. The mixture 

was stirred at room temperature for 4 h. DCM and water were added to the mixture. 

The crude was extracted with DCM (three times). Organic layers were combined and 

dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The 

crude residue was purified by flash chromatography to give substrate 2.

N
Cl

Ph

OBn

1a

N
Cl

OBn
1b

F

N
Cl

OBn

1c

N
Cl

nBu

OBn

1d

N
Cl

Ph

OBn

1e

MeO

N
Cl

OBn

1f

O

O N
Cl

Ph

OBn

1g

N
Cl

OBn
1h

F

Cl

N
Cl

Ph

OBn
1j

N
Ph

O

Cl

1k

N

Ph

PMP
Cl

O

1l

N

O

PMP
Cl

1m

N
Cl

O

1i

MeO

1a-1c, 1f, 1h were synthesized by general procedure 1

1e, 1g, 1j were synthesized by general procedure 2

1d was synthesized by general procedure 3

1i was synthesized by general procedure 4

1k was synthesized by general procedure 5

1l was synthesized by general procedure 6

1m was synthesized by general procedure 7
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General Procedure for the Synthesis of the Esterificated Oxindoles

3 (condition A): In a 38 mL sealed tube, the mixture of 1 (0.2 mmol), 2 (0.4 mmol), 

PdCl2 (2.5 mg, 0.014 mmol), DPPF (7.7 mg, 0.014 mmol) and Et3N (40.5 mg, 0.4 

mmol) was dissolved in anhydrous MeCN (2.0 mL). The tube was then purged 3 times 

with N2 and sealed with a PTEF cap. The reaction mixture was allowed to react at 80 
oC for 12 h. After the reaction was completed, the solvent was removed from the 

mixture under reduced pressure. The residue was purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate).

3 (condition B): In a 38 mL sealed tube, the mixture of 1 (0.2 mmol), 2 (0.4 mmol), 

PdCl2 (1.8 mg, 0.01 mmol), DPPF (5.5 mg, 0.01 mmol) and Et3N (40.5 mg, 0.4 mmol) 

was dissolved in anhydrous MeCN (2.0 mL). The tube was then purged 3 times with 

N2 and sealed with a PTEF cap. The reaction mixture was allowed to react at 80 oC for 

12 h. After the reaction was completed, the solvent was removed from the mixture 

under reduced pressure. The residue was purified by column chromatography on silica 

gel (petroleum ether/ethyl acetate).

Characterization of Products:

N
Bn

O

O
Ph

OPh

Phenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3aa)
Colorless oil (condition A: 72 mg, 84%; condition B: 67 mg, 78%) 1H NMR (400 MHz, 

CDCl3) δ 7.32 – 7.28 (m, 3H), 7.25 – 7.14 (m, 4H), 7.13 – 7.07 (m, 4H), 7.03 – 6.98 

(m, 5H), 6.67 (d, J = 7.6 Hz, 1H), 6.44 (d, J = 8.0 Hz, 2H), 4.86 (d, J = 15.6 Hz, 1H), 

4.71 (d, J = 15.6 Hz, 1H), 3.83 (d, J = 15.6 Hz, 1H), 3.42 (d, J = 15.6 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 177.49, 168.01, 149.99, 143.58, 139.12, 135.48, 130.58, 

129.04, 128.62, 128.57, 128.35, 127.62, 127.20, 126.98, 126.38, 125.62, 124.66, 

122.50, 121.15, 109.41, 53.36, 44.02, 41.80. ESI-MS: Calcd for C29H23NO3: [M+H+] 

434.1751, found 434.1760.
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N
Bn

O

O
OPh

F

Phenyl-2-(1-benzyl-3-(4-fluorophenyl)-2-oxoindolin-3-yl)acetate (3ba)
Colorless oil (condition A: 78 mg, 87%; condition B: 76 mg, 85%) 1H NMR (400 MHz, 

CDCl3) δ 7.48 – 7.40 (m, 3H), 7.32 – 7.15 (m, 10H), 7.10 – 7.03 (m, 2H), 6.83 (d, J = 

8.0 Hz, 1H), 6.65 – 6.57 (m, 2H), 5.02 (d, J = 16.0 Hz, 1H), 4.86 (d, J = 15.6 Hz, 1H), 

3.92 (d, J = 16.0 Hz, 1H), 3.53 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

177.6, 168.0, 162.3 (d, J = 246.0 Hz), 150.1, 143.7, 135.5, 134.9 (d, J = 3.0 Hz), 130.4, 

129.2, 128.9, 128.6, 128.4 (d, J = 8.0 Hz), 127.5, 127.2, 125.8, 125.0, 122.8, 121.3, 

115.6 (d, J = 21.0 Hz), 109.8, 52.9, 44.3, 42.3. 19F NMR (376 MHz, CDCl3) δ -114.45. 

ESI-MS: Calcd for C29H22FNO3: [M+H+] 452.1656, found 4152.1656.

N
Bn

O

O
OPh

Phenyl-2-(1-benzyl-3-methyl-2-oxoindolin-3-yl)acetate (3ca)

Colorless oil (condition A: 63 mg, 85%; condition B: 63 mg, 85%) 1H NMR (400 MHz, 

CDCl3) δ 7.14 (m, 10H), 6.99 – 6.94 (m, 1H), 6.64 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 7.6 

Hz, 2H), 4.88 (d, J = 15.6 Hz, 1H), 4.80 (d, J = 15.6 Hz, 1H), 3.30 (d, J = 15.6 Hz, 1H), 

3.02 (d, J = 15.6 Hz, 1H), 1.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 179.6, 168.3, 

150.2, 142.7, 135.8, 132.5, 129.2, 128.6, 128.2, 127.4, 127.2, 125.7, 122.6, 121.4, 

121.3, 109.3, 45.8, 44.0, 41.7, 25.0. ESI-MS: Calcd for C24H21NO3: [M+H+] 372.1594, 

found 372.1594.

N
Bn

O

O
nBu

OPh

Phenyl-2-(1-benzyl-3-butyl-2-oxoindolin-3-yl)acetate (3da)
Colorless oil (condition A: 74 mg, 90%; condition B: 72 mg, 87%) 1H NMR (400 MHz, 

CDCl3) δ 7.22 – 7.08 (m, 3H), 7.14 – 6.95 (m, 8H), 6.64 (d, J = 7.6 Hz, 1H), 6.53 – 

6.43 (m, 2H), 4.92 (d, J = 15.6 Hz, 1H), 4.75 (d, J = 15.6 Hz, 1H), 3.28 (d, J = 15.6 Hz, 

1H), 3.00 (d, J = 15.6 Hz, 1H), 1.95 – 1.86 (m, 1H), 1.81 – 1.73 (m, 1H), 1.19 – 1.00 
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(m, 3H), 0.85 – 0.77 (m, 1H), 0.71 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

179.1, 168.3, 150.1, 143.6, 135.8, 130.9, 129.2, 128.5, 128.2, 127.3, 125.7, 122.8, 

122.5, 121.3, 121.3, 109.1, 49.9, 44.1, 41.6, 38.5, 25.8, 22.6, 13.7. ESI-MS: Calcd for 

C27H27NO3: [M+H+] 414.2064, found 414.2064.

N
Bn

O

O
Ph

OPh
MeO

Phenyl-2-(1-benzyl-5-methoxy-2-oxo-3-phenylindolin-3-yl)acetate (3ea)
Yellow oil (condition A: 74 mg, 80%; condition B: 71 mg, 77%) 1H NMR (400 MHz, 

CDCl3) δ 7.30 (d, J = 7.6 Hz, 2H), 7.27 – 7.19 (m, 3H), 7.15 – 7.09 (m, 4H), 7.06 – 

7.01 (m, 4H), 6.94 (d, J = 2.4 Hz, 1H), 6.70 – 6.66 (m, 1H), 6.58 – 6.51 (m, 3H), 4.85 

(d, J = 15.6 Hz, 1H), 4.70 (d, J = 16.0 Hz, 1H), 3.82 (d, J = 16.0 Hz, 1H), 3.64 (s, 3H), 

3.42 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 177.4, 168.1, 156.0, 150.1, 

139.2, 137.1, 135.6, 132.1, 129.2, 128.8, 128.5, 127.8, 127.3, 127.1, 126.5, 125.8, 

121.3, 113.0, 112.2, 112.1, 110.0, 55.7, 53.82, 44.3, 41.8. ESI-MS: Calcd for 

C30H25NO4: [M+H+] 464.1856, found 464.1856.

N
Bn

O

O
OPh

O

O

Phenyl-2-(5-benzyl-7-methyl-6-oxo-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-7-
yl)acetate (3fa)
Colorless oil (condition A: 68 mg, 82%; condition B: 67 mg, 81%) 1H NMR (400 MHz, 

CDCl3) δ 7.13 (m, 8H), 6.77 (s, 1H), 6.66 (d, J = 8.0 Hz, 2H), 6.24 (s, 1H), 5.79 (s, 2H), 

4.85 (d, J = 15.6 Hz, 1H), 4.74 (d, J = 16.0 Hz, 1H), 3.24 (d, J = 16.0 Hz, 1H), 2.96 (d, 

J = 16.0 Hz, 1H), 1.41 (s, 3H). 13C NMR (100MHz, CDCl3) δ 179.8 168.3, 150.1, 147.2, 

143.2 136.9 135.6, 129.3 128.7 127.1, 125.8, 124.3 121.4 104.37, 101.0, 93.3, 46.1, 

44.1, 41.7, 25.1, 25.1. ESI-MS: Calcd for C25H21NO5: [M+H+] 416.1492, found 

416.1492.

N
Bn

O

O
Ph

OPh

Phenyl-2-(1-benzyl-7-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3ga)
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Colorless oil (condition A: 80 mg, 90%; condition B: 81 mg, 91%) 1H NMR (400 MHz, 

CDCl3) δ 7.45 (d, J = 7.2 Hz, 2H), 7.40 – 7.28 (m, 6H), 7.23 – 7.08 (m, 8H), 6.69 (d, J 

= 8.0 Hz, 2H), 5.29 (d, J = 16.8 Hz, 1H), 5.09 (d, J = 17.2 Hz, 1H), 4.01 (d, J = 16.0 

Hz, 1H), 3.54 (d, J = 16.0 Hz, 1H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 178.8, 

168.3, 150.2, 142.0, 139.7, 137.8, 132.7, 131.5, 129.3, 128.8, 128.6, 127.8, 126.9, 

126.7, 125.8, 125.7, 122.7, 121.4, 120.2, 52.9, 45.5, 42.2, 18.9. ESI-MS: Calcd for 

C30H25NO3: [M+H+] 448.1907, found 448.1907.

N
Bn

O

O
OPh

F

Cl

Phenyl-2-(1-benzyl-5-chloro-3-(4-fluorophenyl)-2-oxoindolin-3-yl)acetate (3ha)
White solid (condition A: 60 mg, 62%; condition B: 58 mg, 60%) M.P.: 154-156 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.34 – 7.33 (m, 1H), 7.26 – 7.15 (m, 9H), 7.11 – 6.98 (m, 

4H), 6.70 (d, J = 8.0 Hz, 2H), 6.55 (d, J = 8.4 Hz, 1H), 5.08 (d, J = 15.6 Hz, 1H), 4.71 

(d, J = 15.6 Hz, 1H), 3.80 (d, J = 16.0 Hz, 1H), 3.64 (d, J = 16.4 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 176.8, 167.9, 161.1 (d, J = 247.0 Hz), 150.1, 142.1, 135.2, 132.8, 

130.0 (d, J = 8.0 Hz), 129.3, 128.7, 128.6, 128.2, 127.6, 127.2, 125.9, 124.7, 124.5 (d, 

J = 6.0 Hz), 121.3, 116.9 (d, J = 23.0 Hz), 110.4, 52.2, 44.6, 39.8. 19F NMR (376 MHz, 

CDCl3) δ -109.45. ESI-MS: Calcd for C29H21ClFNO3: [M+H+] 486.1267, found 

486.1267.

N
O

O
OPh

MeO

Phenyl-2-(5-methoxy-1,3-dimethyl-2-oxoindolin-3-yl)acetate (3ia)

Colorless oil (condition A: 47 mg, 72%; condition B: 45 mg, 70%) 1H NMR (400 MHz, 

CDCl3) δ 7.16 (t, J = 7.6 Hz, 2H), 7.04 (t, J = 7.2 Hz, 1H), 6.86 – 6.84 (m, 1H), 6.76 – 

6.72 (m, 1H), 6.66 (t, J = 8.8 Hz, 3H), 3.70 (s, 3H), 3.19 (d, J = 16.0 Hz, 1H), 3.10 (s, 

3H), 2.95 (d, J = 16.0 Hz, 1H), 1.37 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 179.1, 

168.2, 156.0, 150.1, 137.1, 133.9, 129.2, 125.7, 121.2, 112.3, 110.3, 108.5, 55.8, 46.0, 

41.7, 26.4, 24.3. ESI-MS: Calcd for C19H19NO4: [M+H+] 326.1387, found 326.1392.
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N
Bn

O

O
Ph

OPh

Phenyl-2-(3-benzyl-2-oxo-1-phenyl-2,3-dihydro-1H-benzo[e]indol-1-yl)acetate (3ja)
White solid (condition A: 63 mg, 66%; condition B: 58 mg, 60%) M.P.: 196-198 ºC 1H 

NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.77 (d, 

J = 8.4 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.50 – 7.29 (m, 9H), 7.24 – 7.19 (m, 5H), 

7.14 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 8.0 Hz, 2H), 5.62 (d, J = 17.2 Hz, 1H), 5.42 (d, J 

= 17.2 Hz, 1H), 4.11 (d, J = 16.0 Hz, 1H), 3.71 (d, J = 15.6 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 179.9, 168.1, 150.1, 139.7, 139.3, 137.1, 134.8, 129.2, 128.9, 128.7, 

127.9, 127.1, 126.7, 126.6, 125.9, 125.7, 125.7, 123.6, 122.2, 121.7, 121.2, 120.7, 53.3, 

46.7, 42.1. ESI-MS: Calcd for C33H25NO3: [M+H+] 484.1907, found 484.1907.

N
Ph

O

O
OPh

Phenyl-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (3ka)
Colorless oil (condition A: 28 mg, 45%; condition B: 27 mg, 44%) 1H NMR (400 MHz, 

CDCl3) δ 7.57 (d, J = 7.6 Hz, 2H), 7.29 (t, J = 8.0 Hz, 4H), 7.18 – 7.13 (m, 1H), 7.07 

(t, J = 7.6 Hz, 1H), 7.02 – 6.99 (m, 2H), 3.82 – 3.71 (m, 2H), 2.91 (d, J = 16.0 Hz, 1H), 

2.80 (d, J = 16.0 Hz, 1H), 2.41 – 2.33 (m, 1H), 2.08 – 2.01 (m, 1H), 1.32 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 176.6, 169.8, 150.5, 139.6, 129.4, 128.8, 125.8, 124.6, 

121.5, 120.0, 45.2, 43.9, 41.9, 30.5, 23.2. ESI-MS: Calcd for C19H19NO3: [M+H+] 

310.1438, found 310.1438.

N
PMP

O

O
OPh

Ph

Phenyl-2-((3R,5R)-1-(4-methoxyphenyl)-3-methyl-2-oxo-5-phenylpyrrolidin-3-
yl)acetate (3la)
Colorless oil (condition A: 35 mg, 43%; condition B: 34 mg, 41%) 1H NMR (400 MHz, 

CDCl3) δ 7.29 (t, J = 8.0 Hz, 2H), 7.22 – 7.12 (m, 8H), 7.00 (d, J = 8.0 Hz, 2H), 6.67 

(d, J = 9.2 Hz, 2H), 5.15 (dd, J = 8.8, 6.0 Hz, 1H), 3.62 (s, 3H), 3.01 (d, J = 16.4 Hz, 

1H), 2.87 (dd, J = 13.6, 9.2 Hz, 1H), 2.75 (d, J = 16.4 Hz, 1H), 1.91 (dd, J = 13.2, 5.6 
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Hz, 1H), 1.40 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 177.6, 169.9, 157.1, 150.5, 142.1, 

131.3, 129.4, 128.8, 127.6, 126.5, 125.9, 124.9, 121.5, 113.9, 61.5, 55.3, 43.0, 42.7, 

41.3, 26.3. ESI-MS: Calcd for C26H25NO4: [M+H+] 416.1856, found 416.1860.

N
PMP

O

O
OPh

Ph

Phenyl-2-((3S,5R)-1-(4-methoxyphenyl)-3-methyl-2-oxo-5-phenylpyrrolidin-3-
yl)acetate (3la’)
Colorless oil (condition A: 24 mg, 29%; condition B: 23 mg, 28%) 1H NMR (400 MHz, 

CDCl3) δ 7.30 (t, J = 8.0 Hz, 2H), 7.22 – 7.05 (m, 8H), 7.05 – 6.94 (m, 2H), 6.64 (d, J 

= 8.8 Hz, 2H), 5.08 (dd, J = 9.2, 7.2 Hz, 1H), 3.60 (s, 3H), 3.07 (d, J = 16.8 Hz, 1H), 

2.82 (d, J = 16.8 Hz, 1H), 2.41 (dd, J = 12.8, 6.8 Hz, 1H), 2.27 (dd, J = 12.8, 9.2 Hz, 

1H), 1.35 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 177.3, 169.8, 156.9, 150.5, 140.6, 

130.7, 129.5, 128.7, 127.7, 127.2, 125.9, 125.0, 121.6, 113.8, 60.9, 55.2, 43.1, 42.4, 

41.6, 23.1. ESI-MS: Calcd for C26H25NO4: [M+H+] 416.1856, found 416.1865.

N O

PMP

O
OPh

Phenyl-2-((3aS,7aS)-2-(4-methoxyphenyl)-3-oxooctahydro-3aH-isoindol-3a-
yl)acetate (3ma)
Colorless oil (condition A: 46 mg, 61%; condition B: 45 mg, 60%) 1H NMR (400 MHz, 

CDCl3) δ 7.45 (d, J = 8.8 Hz, 2H), 7.27 (t, J = 7.6 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 

7.02 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 3.71 (s, 3H), 3.68 – 3.63 (m, 1H), 

3.58 – 3.50 (m, 1H), 2.90 (d, J = 16.0 Hz, 1H), 2.81 (d, J = 15.6 Hz, 1H), 2.74 – 2.62 

(m, 1H), 1.74 – 1.63 (m, 3H), 1.56 – 1.35 (m, 5H). 13C NMR (100 MHz, CDCl3) δ 

176.1, 169.7, 156.5, 150.6, 133.1, 129.3, 125.8, 121.6, 121.6, 114.0, 55.5, 49.8, 46.3, 

38.2, 34.2, 30.3, 24.5, 21.6, 21.3. ESI-MS: Calcd for C23H25NO4: [M+Na+] 402.1676, 

found 402.1678.

N
Bn

O

O
Ph

O

OMe

4-Methoxyphenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ab)
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White solid (condition A: 48 mg, 52%; condition B: 44 mg, 48%) M.P.: 156-158 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.33 – 7.12 (m, 10H), 7.08 – 7.02 (m, 4H), 6.70 – 6.63 (m, 

3H), 6.39 – 6.33 (m, 2H), 4.90 (d, J = 15.6 Hz, 1H), 4.73 (d, J = 15.6 Hz, 1H), 3.83 (d, 

J = 15.6 Hz, 1H), 3.65 (s, 3H), 3.41 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) 

δ 177.8, 168.5, 157.2, 143.8, 143.6, 139.3, 135.6, 130.8, 128.8, 128.7, 128.6, 127.8, 

127.4, 127.2, 126.6, 124.9, 122.7, 122.1, 114.3, 109.6, 55.5, 53.5, 44.3, 42.1. ESI-MS: 

Calcd for C30H25NO4: [M+H+] 464.1856, found 464.1856.

N
Bn

O

O
Ph

O

F

4-Fluorophenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ac)
White solid (condition A: 74 mg, 83%; condition B: 72 mg, 80%) M.P.: 130-132 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.47 – 7.26 (m, 9H), 7.22 – 7.14 (m, 4H), 6.97 – 6.89 (m, 

2H), 6.85 (d, J = 8.0 Hz, 1H), 6.57 – 6.45 (m, 2H), 5.00 (d, J = 15.6 Hz, 1H), 4.91 (d, 

J = 15.6 Hz, 1H), 3.99 (d, J = 15.6 Hz, 1H), 3.56 (d, J = 15.6 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 177.6, 168.2, 160.1 (d, J = 242.0 Hz), 145.8, 143.7, 139.1, 135.5, 130.6, 

128.8, 128.8, 128.5, 127.8, 127.4, 127.2, 126.5, 124.8, 122.7, 122.6 (d, J = 3.0 Hz), 

115.8 (d, J = 23.0 Hz), 109.6, 53.4, 44.2, 42.0. 19F NMR (376 MHz, CDCl3) δ -116.78. 

ESI-MS: Calcd for C29H22FNO3: [M+H+] 452.1656, found 452.1656.

N
Bn

O

O
Ph

O

Cl

4-Chlorophenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ad)
Colorless oil (condition A: 57 mg, 62%; condition B: 57 mg, 62%) 1H NMR (400 MHz, 

CDCl3) δ 7.32 – 7.12 (m, 9H), 7.10 – 7.01 (m, 6H), 6.71 (d, J = 7.6 Hz, 1H), 6.36 (d, J 

= 8.8 Hz, 2H), 4.86 (d, J = 16.0 Hz, 1H), 4.75 (d, J = 16.0 Hz, 1H), 3.84 (d, J = 15.6 

Hz, 1H), 3.41 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 177.7, 168.0, 148.5, 

143.7, 139.1, 135.5, 131.2, 130.6, 129.3, 128.9, 128.6, 127.9, 127.5, 127.3, 126.5, 

124.9, 122.7, 122.7, 116.7, 109.7, 53.5, 44.3, 42.0. ESI-MS: Calcd for C29H22ClNO3: 

[M+H+] 468.1361, found 468.1361.
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N
Bn

O

O
Ph

O

Br

4-Bromophenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ae)
Colorless oil (condition A: 52 mg, 51%; condition B: 51 mg, 50%) 1H NMR (400 MHz, 

CDCl3) δ 7.29 – 7.13 (m, 10H), 7.09 – 7.01 (m, 4H), 6.72 (d, J = 7.6 Hz, 1H), 6.56 (d, 

J = 8.8 Hz, 1H), 6.29 (d, J = 8.8 Hz, 2H), 4.86 (d, J = 16.0 Hz, 1H), 4.75 (d, J = 15.6 

Hz, 1H), 3.85 (d, J = 15.6 Hz, 1H), 3.41 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 178.0, 168.0, 155.4, 149.0, 143.6, 138.8, 135.3, 132.3, 130.6, 128.9, 128.6, 

127.9, 127.5, 127.2, 126.5, 124.8, 123.1, 119.0, 117.3, 109.8, 53.5, 44.3, 41.8. ESI-MS: 

Calcd for C29H22BrNO3: [M+H+] 512.0856, found 512.0860.

N
Bn

O

O
Ph

O

NO2

4-Nitrophenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3af)

Yellow oil (condition A: 36 mg, 38%; condition B: 35 mg, 37%) 1H NMR (400 MHz, 

CDCl3) δ 7.99 (d, J = 8.8 Hz, 2H), 7.33 – 7.21 (m, 7H), 7.17 – 7.13 (m, 2H), 7.08 – 

7.04 (m, 3H), 6.78 – 6.70 (m, 2H), 6.59 (d, J = 8.8 Hz, 2H), 4.85 (d, J = 15.6 Hz, 1H), 

4.79 (d, J = 15.6 Hz, 1H), 3.89 (d, J = 15.6 Hz, 1H), 3.46 (d, J = 16.0 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 177.8, 167.4, 154.7, 145.3, 143.6, 138.6, 135.3, 130.4, 

129.0, 128.6, 128.1, 127.6, 127.3, 126.5, 126.0, 125.0, 123.0, 122.2, 115.6, 109.8, 53.5, 

44.4, 41.8. ESI-MS: Calcd for C29H22N2O5: [M+H+] 479.1601, found 479.1600.

N
Bn

O

O
Ph

O

o-Tolyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ag)
White solid (condition A: 59 mg, 66%; condition B: 55 mg, 62%) M.P.: 129-131 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.49 – 7.44 (m, 3H), 7.41 – 7.24 (m, 6H), 7.20 – 7.06 (m, 

7H), 6.81 (d, J = 8.0 Hz, 1H), 6.48 (d, J = 6.8 Hz, 1H), 5.04 (d, J = 15.6 Hz, 1H), 4.86 

(d, J = 15.6 Hz, 1H), 4.01 (d, J = 16.0 Hz, 1H), 3.62 (d, J = 16.0 Hz, 1H), 1.90 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 177.7, 167.9, 148.9, 143.8, 139.2, 135.6, 130.9, 130.8, 



S15

130.1, 128.8, 128.7, 128.5, 127.8, 127.3, 127.1, 126.7, 126.5, 126.0, 124.7, 122.6, 

121.5, 109.7, 53.3, 44.2, 41.8, 15.8. ESI-MS: Calcd for C30H25NO3: [M+H+] 448.1907, 

found 448.1907.

N
Bn

O

O
Ph

O
CF3

3-(Trifluoromethyl)phenyl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ah)
White solid (condition A: 74 mg, 74%; condition B: 70 mg, 70%) M.P.: 116-118 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.48 – 7.32 (m, 9H), 7.29 –7.26 (m, 2H), 7.22 – 7.17 (m, 

1H), 7.17 – 7.11 (m, 3H), 6.89 (d, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.67 (s, 

1H), 4.96 (d, J = 15.6 Hz, 1H), 4.92 (d, J = 16.0 Hz, 1H), 4.03 (d, J = 15.6 Hz, 1H), 

3.56 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 177.6, 167.8, 150.1, 143.7, 

139.0, 135.4, 131.7 (q, J = 33.0 Hz), 130.4, 129.8, 128.9, 128.9, 128.5, 127.9, 127.5, 

127.4, 126.5, 124.9, 123.3 (q, J = 271.0 Hz), 122.8, 122.6 (q, J = 4.0 Hz), 118.7 (q, J = 

4.0 Hz), 109.7, 53.4, 44.3, 42.1. 19F NMR (376 MHz, CDCl3) δ -62.65. ESI-MS: Calcd 

for C30H22F3NO3: [M+H+] 502.1625, found 502.1625.

N
Bn

O

O
Ph

O

O

O

Benzo[d][1,3]dioxol-5-yl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3ai)
White solid (condition A: 68 mg, 72%; condition B: 63 mg, 66%) M.P.: 146-148 ºC 1H 

NMR (400 MHz, CDCl3) δ 7.46 – 7.26 (m, 9H), 7.24 – 7.14 (m, 4H), 6.84 (d, J = 7.6 

Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H), 6.09 – 6.05 (m, 1H), 6.00 (d, J = 2.4 Hz, 1H), 5.93 – 

5.92 (m, 2H), 5.03 (d, J = 15.6 Hz, 1H), 4.87 (d, J = 16.0 Hz, 1H), 3.95 (d, J = 15.6 Hz, 

1H), 3.53 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 177.7, 168.4, 147.7, 

145.2, 144.3, 143.7, 139.1, 135.6, 130.6, 128.8, 128.7, 128.5, 127.8, 127.4, 127.2, 

126.5, 124.8, 122.7, 113.7, 109.6, 107.7, 103.3, 101.5, 53.4, 44.2, 42.0. ESI-MS: Calcd 

for C30H23NO5: [M+H+] 478.1649, found 478.1646.

N
Bn

O

O
Ph

O
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Naphthalen-1-yl-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3aj)

Colorless oil (condition A: 42 mg, 44%; condition B: 42 mg, 44%) 1H NMR (400 MHz, 

CDCl3) δ 7.84 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H), 

7.53 – 7.31 (m, 10H), 7.26 – 7.18 (m, 3H), 7.08 (t, J = 7.2 Hz, 1H), 6.99 (t, J = 7.6 Hz, 

2H), 6.82 (d, J = 7.6 Hz, 1H), 6.69 (d, J = 7.2 Hz, 1H), 4.98 (d, J = 15.6 Hz, 1H), 4.84 

(d, J = 15.6 Hz, 1H), 4.16 (d, J = 16.0 Hz, 1H), 3.74 (d, J = 15.6 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 177.7, 168.2, 146.2, 143.9, 139.2, 135.5, 134.4, 130.8, 128.9, 

128.8, 128.4, 127.9, 127.7, 127.2, 127.1, 126.6, 126.5, 126.4, 126.3, 126.0, 125.2, 

124.9, 122.7, 121.1, 117.7, 109.9, 53.4, 44.3, 42.1. ESI-MS: Calcd for C33H25NO3: 

[M+H+] 484.1907, found 484.1907.

Control Experiments

Decarbonylation of phenyl formate with NEt3:

H O

O OH
+ CO

NEt3 (1.0 equiv)

MeCN, 80 oC, 12 h

2a 92%

In a 38 mL sealed tube, the mixture of 2a (0.4 mmol) and NEt3 (0.4 mmol) was 

dissolved in anhydrous MeCN (2.0 mL). The tube was then purged 3 times with N2 and 

sealed with a PTEF cap. The reaction mixture was allowed to react at 80 oC for 12 h. 

The solvent was removed in vacuum and 1H NMR was taken using 0.4 mmol 1,3,5-

trimethoxybenzene as the internal standard. The reaction provided the product phenol 

in 92% yield.
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Competition experiment: electron-deficient vs. electron-rich

N
Cl

Ph

OBn

H O

O

H O

O

OMe

F
2b

2c

3ab 3ac
PdCl2 (7 mol%)
DPPF (7 mol%)
Et3N (2.0 equiv)
MeCN, 80 oC, 12 h

1a

+ +

21% 76%

(a)

In a 38 mL sealed tube, the mixture of 1 (0.2 mmol), 2b (0.4 mmol), 2c (0.4 mmol), 

PdCl2 (2.5 mg, 0.014 mmol), DPPF (7.7 mg, 0.014 mmol) and Et3N (40.5 mg, 0.4 

mmol) was dissolved in anhydrous MeCN (2.0 mL). The tube was then purged 3 times 

with N2 and sealed with a PTEF cap. The reaction mixture was allowed to react at 80 
oC for 12 h. After the reaction was completed, the solvent was removed from the 

mixture under reduced pressure. The residue was purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate) to give product 3ab (19 mg, 21%) and 3ac 

(68 mg, 76%).

Application Investigation:

N
Bn

O

O
Ph

OPh

N
Bn

O

O
Ph

OnBu

+ nBuOH
Na2CO3 (3.0 eq)

60 oC, 2 weeks

4 (99%)

In a 38 mL sealed tube, Na2CO3 (0.6 mmol, 3.0 equiv) was added to a solution of 

NH2

OH

TMB
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3aa (86.6 mg, 0.2 mmol) in n-butanol (2.0 mL). The reaction mixture was carried out 

at 60 °C for 2 weeks. After the reaction was completed, 10 mL of water was added and 

the mixture was extracted with DCM (20 mL × 3). The organic phase was dried over 

anhydrous sodium sulfate and concentrated under reduced pressure. The crude was 

purified via column chromatography on silica gel. The target compound was isolated 

as colorless oil 4 (81.8 mg, 99%).
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.09 (m, 12H), 6.97 (t, J = 7.6 Hz, 1H), 6.68 (d, 

J = 8.0 Hz, 1H), 4.97 (d, J = 16.0 Hz, 1H), 4.73 (d, J = 16.0 Hz, 1H), 3.83 – 3.75 (m, 

1H), 3.75 – 3.67 (m, 1H), 3.55 (d, J = 16.0 Hz, 1H), 3.22 (d, J = 16.0 Hz, 1H), 1.25 – 

1.16 (m, 2H), 1.11 – 1.01 (m, 2H), 0.72 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 178.0, 169.6, 143.6, 139.4, 135.9, 131.2, 128.7, 128.6, 128.4, 127.6, 127.4, 127.3, 

126.5, 124.5, 122.5, 109.4, 64.4, 53.3, 44.1, 41.8, 30.3, 18.8, 13.6. ESI-MS: Calcd for 

C27H27NO3: [M+Na+] 436.1883, found 436.1874.

N
Bn

O

O
Ph

OPh

N
Bn

O

Ph
OH

NaBH4 (20 eq)

MeOH, 30 oC-60 oC, 15 min

5 (98%)

In a 25 mL round bottomed flask equipped with magnetic stir bar, 3aa (86.6 mg, 

0.2 mmol) was dissolved in 2.5 mL methanol with stirring at 30 °C. To this solution 

was slowly added 151.3 mg (4 mmol, 20 equiv) of sodium borohydride with stirring. A 

reflux condenser was attached to the flask and the reaction was heated to 60 °C over 15 

min. Once the starting material was consumed (TLC analysis), 6 mL H2O was added 

and some of the methanol was removed on a rotary evaporator. The resulting aqueous 

solution was extracted with five 10 mL portions of DCM; the combined organic extracts 

were dried (MgSO4), concentrated on a rotary evaporator and purified by flash 

chromatography to afford 5 (67.2 mg, 98%) of the product as a white solid.

M.P.: 131-133 ºC 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.07 (m, 12H), 6.97 (t, J = 7.2 

Hz, 1H), 6.69 (d, J = 8.0 Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H), 4.08 (d, J = 16.0 Hz, 1H), 

3.54 – 3.31 (m, 2H), 2.78 – 2.71 (m, 1H), 2.45 – 2.30 (m, 1H), 2.11 (s, 1H). 13C NMR 

(100 MHz, CDCl3) δ 179.2, 142.7, 140.1, 135.7, 131.9, 128.7, 128.6, 128.2, 127.5, 

127.3, 127.2, 126.6, 124.6, 122.8, 109.5, 59.3, 54.9, 44.0, 40.0. ESI-MS: Calcd for 
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C23H21NO2: [M+H+] 344.1645, found 344.1647.

N
Bn

O

O
Ph

OPh

N
Bn

O

O
Ph

N

+
N
H

O

2.0 eq

MeCN, 60 oC, 48 h

6 (75%)

O

In a 38 mL sealed tube, 3aa (86.6 mg, 0.2 mmol) and morpholine (0.4 mmol, 2.0 

equiv) were dissolved and mixed in acetonitrile (1.0 mL). The reaction mixture was 

carried at 60 °C for 48 h. After the reaction was completed, 5 mL of brine was added 

and the mixture was extracted with ethyl acetate (8 mL × 3). The organic phase was 

dried over anhydrous sodium sulfate and concentrated under reduced pressure. The 

crude was purified via column chromatography on silica gel. The target compound was 

isolated as white solid 6 (63.9 mg, 75%).

M.P.: 177-179 ºC 1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 7.2 Hz, 2H), 7.24 – 7.07 

(m, 10H), 6.97 (t, J = 7.2 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 5.02 (d, J = 16.0 Hz, 1H), 

4.76 (d, J = 16.0 Hz, 1H), 3.56 – 3.29 (m, 10H). 13C NMR (100 MHz, CDCl3) δ 178.7, 

167.3, 143.8, 139.8, 136.1, 131.9, 128.6, 128.6, 128.1, 127.5, 127.2, 127.0, 126.7, 

123.8, 122.1, 109.5, 66.7, 66.4, 53.6, 45.9, 44.1, 41.8, 41.0. ESI-MS: Calcd for 

C27H26N2O3: [M+Na+] 449.1836, found 449.1841. 
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NMR Spectra:

N Bn

O

Ph
O
Ph

O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
a



S21

-
1
0

0
1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

1
8
0

1
9
0

2
0
0

f
1
 
(
p
p
m
)

41.80
44.02

53.36

76.68
77.00
77.32

109.41 121.15
122.50
124.66
125.62
126.38
126.98
127.20
127.62
128.35
128.57
128.62
129.04
135.48

168.01

177.49

N Bn

O

Ph
O
Ph

O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
a



S22

3b
a

N Bn

O

O
O
Ph

F

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S23

3b
a

N Bn

O

O
O
Ph

F

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S24

3b
a

N Bn

O

O
O
Ph

F

19
F
N
M
R
(3
76
M
H
z,
C
D
C
l 3)



S25

3c
a

N Bn

O

O
O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S26

3c
a

N Bn

O

O
O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S27

3d
a

N Bn

O

O
n B
u

O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S28

3d
a

N Bn

O

O
n B
u

O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S29

3e
aN Bn

O

O
Ph

O
Ph

M
eO

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S30

3e
aN Bn

O

O
Ph

O
Ph

M
eO

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S31

3f
aN Bn

O

O
O
Ph

O O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S32

3f
aN Bn

O

O
O
Ph

O O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S33

3g
a

N Bn

O

O
Ph

O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S34

3g
a

N Bn

O

O
Ph

O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S35

3h
aN Bn

O

O
O
Ph

F

C
l

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S36

3h
aN Bn

O

O
O
Ph

F

C
l

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S37

3h
aN Bn

O

O
O
Ph

F

C
l

19
F
N
M
R
(3
76
M
H
z,
C
D
C
l 3)



S38

3i
aN

O

O
O
Ph

M
eO

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S39

3i
aN

O

O
O
Ph

M
eO

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S40

3j
aN Bn

O

O
Ph

O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S41

3j
aN Bn

O

O
Ph

O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S42

3k
a

N Ph

O

O
O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S43

3k
a

N Ph

O

O
O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S44

3l
a

N PM
PO

O
O
Ph

Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S45

3l
a

N PM
PO

O
O
Ph

Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S46

3l
a'

N PM
PO

O
O
Ph

Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S47

3l
a'

N PM
PO

O
O
Ph

Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S48

3m
a

N
O

PM
PO

O
Ph

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)



S49

3m
a

N
O

PM
PO

O
Ph

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)



S50

N Bn

O

O
Ph

O

O
M
e

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
b



S51

N Bn

O

O
Ph

O

O
M
e

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
b



S52

N Bn

O

O
Ph

O

F

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
c



S53

N Bn

O

O
Ph

O

F

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
c



S54

N Bn

O

O
Ph

O

F

19
F
N
M
R
(3
76
M
H
z,
C
D
C
l 3)

3a
c



S55

N Bn

O

O

Ph
O

C
l

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
d



S56

N Bn

O

O
Ph

O

C
l

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
d



S57

N Bn

O

O
Ph

O

Br

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
e



S58

N Bn

O

O

Ph
O

Br

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
e



S59

N Bn

O

O
Ph

O

N
O
2

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
f



S60

N Bn

O

O
Ph

O

N
O
2

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
f



S61

N Bn

O

O
Ph

O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
g



S62

N Bn

O

O
Ph

O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
g



S63

N Bn

O

O
Ph

O
C
F 3

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
h



S64

N Bn

O

O
Ph

O
C
F 3

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
h



S65

N Bn

O

O
Ph

O
C
F 3

19
F
N
M
R
(3
76
M
H
z,
C
D
C
l 3)

3a
h



S66

N Bn

O

O
Ph

O

O

O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
i



S67

N Bn

O

O
Ph

O

O

O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
i



S68

N Bn

O

O
Ph

O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

3a
j



S69

N Bn

O

O
Ph

O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

3a
j



S70

N Bn

O

O
Ph

O
n B
u

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

4



S71

N Bn

O

O
Ph

O
n B
u

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

4



S72

N Bn

O

Ph
O
H

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

5



S73

N Bn

O

Ph
O
H

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

5



S74

N Bn

O

O
Ph

N
O

1 H
N
M
R
(4
00
M
H
z,
C
D
C
l 3)

6



S75

NOE of 3la

N Bn

O

O
Ph

N
O

13
C
N
M
R
(1
00
M
H
z,
C
D
C
l 3)

6



S76

NOE of 3la’



S77


