Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2018

Supporting Information

Hydride transfer initiated ring expansion of pyrrolidines toward

highly functionalized tetrahydro-1-benzoazepines

Shuai Wang,?& Xiao-De An,28 Shuai-Shuai Li,? Xicheng Liu,® Qing Liu,? Jian Xiao™?

@ Shandong Province Key Laboratory of Applied Mycology, College of Chemistry and Pharmaceutical Sciences,
Qingdao Agricultural University, Qingdao 266109, China.

b College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China.

¢ College of Chemistry and Chemical Engineering, Qufu Normal University, Qufu 273165, China.

dCollege of Chemical and Environmental Engineering, Shandong University of Science and Technology, Qingdao
266590, China.

SThese authors contributed equally.

Table of Contents
1. General INFOIMALION ......couiiiiiiiii bbbt b bbbttt S2
2. EXPErimental PrOCEAUIES ........oiie ettt ettt et et et e e be e beaseesraesreesreeeeenns S2
2.1 General Procedure for the SYynthesis Of L.......cccoovoiiiii i S2
2.2 General Procedure for the Synthesis 0F 3. S3
2.3 CONLIOI EXPEIIMENTS ...ttt sttt sttt st sttt ettt sttt ne et S3
2.4 INEIT SUDSTIALES.......cveteeetest ettt bbbt r e S4
3. Characterization Data Of PrOOUCES .........cooiiiiriiiiieesees e S5
4. TH aNd BC-NIMR SPECIIA ......vcvvircririviiie ittt sttt re ettt b bbbt s e e s s st bebebets S15
5. X-ray Crystallography 0 3a.........ooi i S44

S1



1. General Information

All commercially available reagents, unless otherwise indicated, were used without further
purification. All the solvents used in the reaction were distilled prior to use. Thin layer chromatography
(TLC) was used to monitor the reaction on Merck 60 F254 precoated silica gel plate (0.2 mm
thickness). TLC spots were visualized by UV-light irradiation on Spectroline Model ENF-24061/F 254
nm. The products were isolated and purified by flash column chromatography (200-300 mesh silica gel)
eluted with the gradient of petroleum ether and ethyl acetate. Proton nuclear magnetic resonance
spectra (*H NMR) were recorded on a Bruker 500 MHz NMR spectrometer (CDCl; or DMSO-ds
solvent).

The chemical shifts were reported in parts per million (ppm), downfield from SiMes (8 0.0) and
relative to the signal of chloroform-d (6 7.26, singlet) or dimethyl sulfoxide-ds (6 2.54, singlet).
Multiplicities were given as: s (singlet); d (doublet); t (triplet); g (quartet); dd (doublets of doublet) or
m (multiplets). The number of protons for a given resonance is indicated by nH. Coupling constants
were reported as a J value in Hz. Carbon nuclear magnetic resonance spectra (**C NMR) were
referenced to the appropriate residual solvent peak. High resolution mass spectral analysis (HRMS)
was performed on a Waters XEVO G2 Q-TOF.

2. Experimental Procedures

2.1 General Procedure for the Synthesis of 1

a. General Procedure for the Synthesis of 1a-1e, 1g, 1h, 1o

R?2 R?
vy
Br o Br o KN) N o)
K,CO,, DMF, 25 °C H
O +R-Br ————————— o o
N N K,COj, DMF, 80 °C N
H R R

A round-bottomed flask was charged with 4-bromoindoline-2,3-dione (5 mmol), K2COs (10 mmol) and
DMF (50.0 mL). Alkyl bromide (7.5 mmol) was added dropwise at room temperature. The mixture was
stirred at room temperature under an air atmosphere. Upon completion of the reaction as indicated by
TLC analysis, pyrrolidine (7.5 mmol) was added dropwise at room temperature, the mixture was stirred
at 60 <C. Upon completion of the reaction as indicated by TLC analysis, the mixture was diluted with
water (100 mL), and extracted with EtOAc (3 x 100 mL). The combined extracts were washed with
brine (3 x 50 mL), dried, filtered, and concentrated in vacuum and the residue was directly purified by
flash column chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to afford the desired
products.

b. General Procedure for the Synthesis of 1f

on ()

Br lo) / Br [o) N [o)
> CNH
OH
o o—— > o
N Cu(OAc),, 2,2-bipyridine N Kk,cO0, DMF, 60 °C N

Na,CO,, DCE, 70 °C h ﬁ

A round-bottomed flask was charged with 4-bromoindoline-2,3-dione (5 mmol), cyclopropylboronic
acid (10 mmol), Na,CO3 (10 mmol) and dichloroethane (30.0 mL). A suspension of Cu(OAc)2 (5 mmol)
and 2, 2-bipyridine (5 mmol) in 20 ml hot dichloroethane was added at room temperature. The mixture
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was warmed to 70 <C and stirred for 2-4 h. The resulting mixture was cooled to room temperature and
an aqueous HCI solution was added (1N, 50 mL). The organic layer was separated and the aqueous
layer was extracted 3 times with CH,Cl,. The combined organic layers were washed with brine, dried
over sodium sulfate and concentrated under reduced pressure to afford the crude product
4-bromo-1-cyclopropylindoline-2, 3-dione.

To the solution of 4-bromo-1-cyclopropylindoline-2, 3-dione (5 mmol) in 50 mL DMF, pyrrolidine (7.5
mmol) was added dropwise at room temperature, the mixture was stirred at 60 <C. Upon completion of
the reaction as indicated by TLC analysis, the mixture was diluted with water (100 mL), and extracted
with EtOAc (3 x 100 mL). The combined extracts were washed with brine (3 x 50 mL), dried, filtered,
and concentrated in vacuum and the residue was directly purified by flash column chromatography on
silica gel (eluent: ethyl acetate/petroleum ether) to afford the desired product 1.1 g.

2.2 General Procedure for the Synthesis of 3

==

< )
\ /

Sc(OTf)3 (20 mol%)
R2 ‘
DCE, 100 °C

A sealed tube was charged with substituted isatin 1 (0.1 mmol), Sc(OTf)3 (0.02 mmol) and distilled
dichloroethane (2.0 mL). Substituted phenol 2 (0.3 mmol) was added dropwise at room temperature.
The mixture was then stirred at 100 <C under air atmosphere. Upon completion of the reaction as
indicated by TLC analysis, the mixture was concentrated in vacuum and the residue was directly
purified by flash column chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to afford
the desired products 3.

2.3 Control Experiments

Sc(OTf)s (20 mol%)
no desired product
DCE, 100 °C

A sealed tube was charged with substituted isatin 4 (0.1 mmol), Sc(OTf)z (0.02 mmol) and distilled
dichloroethane (2.0 mL). Substituted phenol 2a (0.3 mmol) was added dropwise at room temperature.
The mixture was then stirred at 100 <C under air atmosphere. No desired product was obtained.

Sc(OTf)3 (20 mol%)
no reaction
DCE, 100 °C

A sealed tube was charged with substituted isatin 1a (0.1 mmol), Sc(OTf);(0.02 mmol) and distilled
dichloroethane (2.0 mL), 1-methoxy-4-methylbenzene 5 (0.3 mmol) was added dropwise at room
temperature. The mixture was then stirred at 100 <T under air atmosphere. No reaction proceeded.
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Sc(OTf)_-, (20 mol%)
no reaction
@ DCE, 100 °C

A sealed tube was charged with 1-phenylpyrrolld|ne 6 (0.1 mmol), Sc(OTf)3(0.02 mmol) and distilled
dichloroethane (2.0 mL). Substituted phenol 2a (0.3 mmol) was added dropwise at room temperature.
The mixture was then stirred at 100 <T under air atmosphere. No reaction proceeded.

Sc(OTf)3 (20 mol%) Q\O
©)k © DCE, 100 °C ©/K
8
A sealed tube was charged with 1-(2—(pyrro||d|n-1-y|)phenyl)ethan-1-one 7 (0.1 mmol), Sc(OTf)3(0.02
mmol) and distilled dichloroethane (2.0 mL). Substituted phenol 2a (0.3 mmol) was added dropwise at
room temperature. The mixture was then stirred at 100 <C under air atmosphere. Upon completion of
the reaction as indicated by TLC analysis, the mixture was concentrated in vacuum and the residue was

directly purified by flash column chromatography on silica gel (eluent: ethyl acetate/petroleum ether)
to afford product 8 in 38% yield.

() () ()

N o N oH N o
NaBH, Sc(0Tf); (20 mol%)
—_— _— o
N MeOH DCE, 100 °C N
Bn Bn
1a 1a

A round-bottomed flask was charged with 1-benzyl-4-(pyrrolidin-1-yl)indoline-2,3-dione 1a (1 mmol)
and methanol (10.0 mL). The solution was then cooled down to 0 <C and NaBH4 (1.2 mmol) was added
in portions. The mixture was then allowed to stir at room temperature. Upon completion of the reaction
as indicated by TLC analysis, the mixture was quench with ice water and extracted 3 times with ethyl
acetate. The combined organic layers were washed with brine, dried over sodium sulfate and
concentrated under reduced pressure to afford product 9.

A sealed tube was charged with 1-benzyl-3-hydroxy-4-(pyrrolidin-1-yl)indolin-2-one 9 (0.1 mmol),
Sc(OTf); (0.02 mmol) and distilled dichloroethane (2.0 mL). The mixture was then stirred at 100 <C
under air atmosphere. After 10 min. 9 was converted to 1a.

2.4 Inert Substrates

Sc(OTf);, (20 mol%)
no reaction
DCE, 100 °C

A sealed tube was charged with substituted isatin 10 (0.1 mmol), Sc(OTf); (0.02 mmol) and distilled
dichloroethane (2.0 mL). Substituted phenol 2a (0.3 mmol) was added dropwise at room temperature.
The mixture was then stirred at 100 <T under air atmosphere. No reaction proceeded.

1 M. Silvi, I. Chatterjee, Y. Liu and P Melchiorreet, Angew. Chem., Int. Ed., 2014, 52, 10780-10783.
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\N) o OH
Sc(0Tf); (20 mol%)
o + - - no desired product
N DCE, 100 °C
Bn
1 2a

A sealed tube was charged with substituted isatin 11 (0.1 mmol), Sc(OTf);(0.02 mmol) and distilled
dichloroethane (2.0 mL). Substituted phenol 2a (0.3 mmol) was added dropwise at room temperature.
The mixture was then stirred at 100 <C under air atmosphere. No desired product was obtained.

N o
Sc(OTH); (20 mol%)
o + Nu _ no desired product
N DCE, 100 °C
Bn

\N/
= \

A sealed tube was charged with substituted isatin 1a (0.1 mmol), Sc(OTf); (0.02 mmol) and distilled
dichloroethane (2.0 mL), nucleophiles (0.3 mmol) was added at room temperature. The mixture was
then stirred at 100 <T under air atmosphere. No desired products were obtained.

3. Characterization Data of Products
1-benzyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1a)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.4
0, 90% yield) as a red solid, mp: 73-75 C.

'H NMR (500 MHz, CDCls) & 7.29 (d, J = 25.2 Hz, 5H), 7.12 (t, J = 8.1 Hz, 1H), 6.33 (d, J = 8.9 Hz,
1H), 5.97 (d, J = 7.3 Hz, 1H), 4.89 (s, 2H), 3.60 (s, 4H), 2.00 (s, 4H); 3C NMR (125 MHz, CDCls) &
177.98, 160.16, 150.38, 148.08, 137.34, 135.60, 128.77, 127.69, 127.27, 111.40, 102.65, 97.86, 51.62,
43.74, 25.62. HRMS (ESI): calcd. for C19H19N202 [M+H]*: 307.1441, found: 307.1443.

1-(4-methylbenzyl)-4-(pyrrolidin-1-yl)indoline-2,3-dione (1b)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.5
g, 92% yield) as a red solid, mp: 118-119 <C.

IH NMR (500 MHz, CDCl3) 8 7.21 (d, J = 7.6 Hz, 2H), 7.15 - 7.07 (m, 3H), 6.32 (d, J = 8.9 Hz, 1H),
5.98 (d, J = 7.3 Hz, 1H), 4.85 (s, 2H), 3.59 (s, 4H), 2.31 (s, 3H), 1.99 (s, 4H); 3C NMR (125 MHz,
CDCl3) 6 178.07, 160.11, 150.43, 148.05, 137.40, 137.33, 132.57, 129.42, 127.29, 111.32, 102.65,
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97.89, 51.59, 43.50, 25.61, 21.06. HRMS (ESI): calcd. for CzH2:1N202 [M+H]*: 321.1598, found:
321.1597.

1-phenyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1c)

AL

Ph
Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.3
g, 86% yield) as a red solid, mp: 105-107 <C.
IH NMR (500 MHz, CDCl3) & 7.51 (t, J = 7.5 Hz, 2H), 7.40 (t, J = 9.1 Hz, 3H), 7.16 (t, J = 8.1 Hz,
1H), 6.41 (d, J = 8.9 Hz, 1H), 6.00 (d, J = 7.3 Hz, 1H), 3.64 (s, 4H), 2.03 (s, 4H); *C NMR (125 MHz,
CDClz) 6 177.45, 159.30, 151.28, 148.32, 137.33, 133.48, 129.56, 128.29, 126.61, 111.50, 102.82,
98.32,51.71, 25.65. HRMS (ESI): calcd. for C1sH17N20, [M+H]*: 293.1285, found: 293.1287.

1-methyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1d)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product ( 1.0
g, 90% yield) as a red solid, mp: 103-104 <C.

!H NMR (500 MHz, CDCl3) § 7.23 (t, J = 8.0 Hz, 1H), 6.38 (d, J = 8.9 Hz, 1H), 6.06 (d, J = 7.2 Hz,
1H), 3.60 (s, 4H), 3.20 (s, 3H), 2.00 (s, 4H); 3C NMR (125 MHz, CDCl3) & 178.27, 160.07, 151.42,
147.91, 137.36, 111.46, 102.38, 96.72, 51.59, 26.12, 25.62. HRMS (ESI): calcd. for CisHisN20;
[M+H]*: 231.1128, found: 231.1130.

1-ethyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1e)

O

Et
Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.1
g, 88 % yield) as a red solid, mp: 100-101 <C.
IH NMR (500 MHz, CDCl3) & 7.22 (t, J = 8.1 Hz, 1H), 6.37 (d, J = 8.9 Hz, 1H), 6.08 (d, J = 7.3 Hz,
1H), 3.74 (d, J = 7.2 Hz, 2H), 3.59 (s, 3H), 2.00 (s, 4H), 1.28 (t, J = 7.2 Hz, 4H); 3C NMR (125 MHz,
CDCls) 8 178.56, 159.71, 150.44, 148.16, 137.37, 111.26, 102.64, 96.88, 51.62, 34.74, 25.68, 13.06.
HRMS (ESI): calcd. for C14H17N20, [M+H]*: 245.1285, found: 245.1288.

1-cyclopropyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1f)



Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product ( 1.1
g, 86% yield) as a red solid, mp: 124-125 <C.

'H NMR (500 MHz, CDCls3) 6 7.28 — 7.23 (m, 1H), 6.38 (t, J = 7.7 Hz, 2H), 3.58 (s, 4H), 2.63 (d, J =
3.4 Hz, 1H), 2.00 (s, 4H), 1.05 (g, J = 6.1 Hz, 2H), 0.96 (s, 2H); 3C NMR (125 MHz, CDCl3) & 178.29,
160.42, 151.74, 147.78, 137.43, 110.98, 102.54, 98.07, 51.56, 25.62, 22.04, 6.14. HRMS (ESI): calcd.
for C1sH17N20, [M+H]*: 257.1285, found: 257.1286.

1-allyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (19)

s
4

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.2
g, 93 % yield) as a red solid, mp: 97-99 <C.

IH NMR (500 MHz, CDCl3) 6 7.20 (t, J = 8.1 Hz, 1H), 6.37 (d, J = 8.9 Hz, 1H), 6.07 (d, J = 7.3 Hz,
1H), 5.84 (ddt, J = 16.0, 10.4, 5.3 Hz, 1H), 5.25 (dd, J = 21.6, 13.8 Hz, 2H), 4.33 (d, J = 5.1 Hz, 2H),
3.60 (s, 4H), 2.01 (d, J = 5.8 Hz, 4H); 13C NMR (125 MHz, CDCls) & 178.04, 159.74, 150.49, 148.06,
137.34, 131.32, 117.74, 111.31, 102.59, 97.60, 51.60, 42.28, 25.62. HRMS (ESI): calcd. for
CisH17N202 [M+H]*: 257.1285, found: 257.1283.

1-benzyl-4-(octahydro-2H-isoindol-2-yl)indoline-2,3-dione (1h)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product ( 1.5
g, 90% yield) as a red solid, mp: 117-118 <C.

IH NMR (500 MHz, CDCl3) § 7.29 (d, J = 25.9 Hz, 5H), 7.10 (t, J = 8.0 Hz, 1H), 6.31 (d, J = 8.9 Hz,
1H), 5.96 (d, J = 7.2 Hz, 1H), 4.89 (s, 2H), 3.55 (d, J = 58.6 Hz, 4H), 2.33 (s, 2H), 1.62 (dd, J = 37.6,
10.0 Hz, 6H), 1.51 — 1.36 (m, 4H); 3C NMR (125 MHz, CDCl3) & 177.92, 160.20, 150.38, 148.73,
137.24, 135.65, 128.77, 127.68, 127.30, 111.22, 102.53, 97.66, 43.74, 36.97, 25.63, 22.65. HRMS
(ESI): calcd. for C22H23N20, [M+H]*:347.1754, found:347.1756.

1-(cyclopropylmethyl)-4-(pyrrolidin-1-yl)indoline-2,3-dione (10)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:15) gave the product (1.1
g, 85% yield) as a red solid, mp: 81-84 <C.
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IH NMR (500 MHz, CDCls) & 7.23 (t, J = 8.1 Hz, 1H), 6.37 (d, J = 8.9 Hz, 1H), 6.15 (d, J = 7.3 Hz,
1H), 3.60 (s, 4H), 3.57 (d, J = 7.0 Hz, 2H), 2.00 (s, 4H), 1.23 — 1.11 (m, 1H), 0.53 (q, J = 5.2 Hz, 2H),
0.40 (t, J = 5.1 Hz, 2H); ®°C NMR (125 MHz, CDCls) & 178.56, 160.08, 151.08, 148.16, 137.36,
111.20, 102.64, 97.21, 51.64, 44.33, 25.68, 9.87, 3.99. HRMS (ESI): calcd. for CisH1oN20, [M+H]":
271.1441, found: 271.1443.

8-benzyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
e (3a)

NH o
(L
OH N
Bn

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (24.3
mg, 59% vyield) as a red solid, mp: 105-107 <C.

'H NMR (500 MHz, CDCls)  7.52 (s, 1H), 7.40 — 7.16 (m, 5H), 6.97 — 6.85 (m, 2H), 6.72 (d, J = 8.0
Hz, 1H), 6.54 (d, J = 7.7 Hz, 1H), 5.76 (d, J = 7.7 Hz, 1H), 5.28 (s, 1H), 4.77 (q, J = 15.6 Hz, 2H), 4.58
(dd, J = 10.5, 2.3 Hz, 1H), 3.74 (ddd, J = 12.8, 7.8, 3.5 Hz, 1H), 3.46 — 3.31 (m, 1H), 2.45 (ddd, J =
16.4, 12.2, 5.9 Hz, 1H), 2.25 (s, 3H), 2.13 — 2.04 (m, 1H), 2.04 — 1.90 (m, 2H); 3C NMR (125 MHz,
CDCls) & 181.43, 160.84, 152.20, 150.95, 147.20, 139.31, 135.57, 130.15, 130.07, 129.48, 128.80,
128.29, 127.83, 127.53, 127.39, 115.91, 103.65, 98.72, 44.11, 43.88, 40.30, 31.02, 27.17, 20.71.
HRMS (ESI): calcd. for CasH2sN203 [M+H]*: 413.1860, found: 413.1907.

5-(2-hydroxy-5-methylphenyl)-8-(4-methylbenzyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole
-9,10-dione (3b)

NH o
pabR,
OH N
-

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (19.2
mg, 45% yield) as a red solid, mp: 177-179 <C.
IH NMR (500 MHz, CDCls) & 7.51 (s, 1H), 7.15 (d, J = 7.5 Hz, 2H), 7.09 (d, J = 7.5 Hz, 2H), 6.93 (d,
J = 7.9 Hz, 1H), 6.89 (s, 1H), 6.70 (d, J = 8.0 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 5.78 (d, J = 7.6 Hz,
1H), 5.05 (s, 1H), 4.81 — 4.66 (m, 2H), 4.57 (d, J = 10.2 Hz, 1H), 3.81 — 3.66 (m, 1H), 3.47 — 3.33 (m,
1H), 2.44 (dd, J = 19.5, 8.7 Hz, 1H), 2.29 (s, 3H), 2.25 (s, 3H), 2.13 — 2.04 (m, 1H), 1.97 (s, 2H); 3C
NMR (125 MHz, CDCl3) 8 181.59, 160.80, 152.16, 150.90, 147.30, 139.30, 137.60, 132.54, 130.19,
130.13, 129.48, 128.30, 127.57, 127.24, 115.86, 103.65, 98.79, 44.12, 43.64, 40.31, 30.98, 27.15, 21.12,
20.74. HRMS (ESI): calcd. for Co7H27N203 [M+H]*: 427.2016, found: 427.2017.

5-(2-hydroxy-5-methylphenyl)-8-phenyl-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
e (3c)

NH o
CLIL
OH N
Ph
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Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (20.7
mg, 52% vyield) as a red solid, mp: 136-137 <C.

IH NMR (500 MHz, CDClI3) & 7.68 (s, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.36 (d, J = 7.6 Hz, 3H), 6.94 (d,
J =8.2 Hz, 2H), 6.70 (d, J = 7.8 Hz, 1H), 6.63 (d, J = 7.7 Hz, 1H), 5.88 (d, J = 7.7 Hz, 1H), 4.90 (s,
1H), 4.62 (d, J = 10.0 Hz, 1H), 3.84 — 3.69 (m, 1H), 3.46 (dd, J = 13.6, 5.0 Hz, 1H), 2.61 — 2.44 (m,
1H), 2.26 (s, 3H), 2.17 — 1.94 (m, 3H); **C NMR (125 MHz, CDCl3) § 180.97, 159.92, 152.46, 150.84,
147.96, 139.46, 133.43, 130.24, 129.53, 128.32, 128.17, 127.34, 126.06, 115.78, 103.75, 99.12, 44.21,
40.55, 30.84, 27.07, 20.74. HRMS (ESI): calcd. for C2sH23N203 [M+H]*: 399.1703, found: 399.1679.

5-(2-hydroxy-5-methylphenyl)-8-methyl-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
e (3d)

NH o
(L
OH N
Me

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (23.2
mg, 69% yield) as a red solid, mp: 197-200 <C.

!H NMR (500 MHz, CDCl3) § 7.45 (s, 1H), 7.03 — 6.88 (m, 2H), 6.78 (d, J = 8.0 Hz, 1H), 6.65 (d, J =
7.5 Hz, 1H), 5.84 (d, J = 7.5 Hz, 1H), 5.61 (s, 1H), 5.30 (s, 2H), 4.62 (d, J = 10.2 Hz, 1H), 3.85 — 3.64
(m, 1H), 3.40 (dd, J = 13.3, 4.9 Hz, 1H), 3.09 (s, 3H), 2.58 — 2.41 (m, 1H), 2.27 (s, 3H), 2.17 — 1.90 (m,
3H); 3C NMR (125 MHz, CDCl3) 5 181.83, 160.79, 152.01, 150.84, 148.26, 139.34, 130.26, 130.23,
129.61, 128.32, 127.23, 115.82, 103.41, 97.64, 77.29, 77.03, 76.78, 44.20, 40.65, 30.90, 27.06, 26.04,
20.76. HRMS (ESI): calcd. for CooH21N203 [M+H]*: 337.1547, found: 337.1530.

8-ethyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione
(3e)

NH o
LG
OH N
Et

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:2) gave the product (19.6
mg, 56% yield) as a red solid, mp: 234-235 <C.

'H NMR (500 MHz, DMSO) § 9.21 (s, 1H), 7.56 (s, 1H), 6.92 (d, J = 9.0 Hz, 2H), 6.78 (d, J = 7.9 Hz,
1H), 6.62 (d, J = 7.7 Hz, 1H), 6.17 (d, J = 7.7 Hz, 1H), 4.64 (d, J = 9.2 Hz, 1H), 3.68 (dd, J = 9.7, 3.4
Hz, 1H), 3.63 (dd, J = 14.4, 7.2 Hz, 2H), 3.51 (dd, J = 13.8, 4.1 Hz, 1H), 2.53 — 2.43 (m, 1H), 2.23 (s,
3H), 1.94 (ddd, J = 15.0, 8.9, 5.4 Hz, 2H), 1.86 (dd, J = 12.7, 8.5 Hz, 1H), 1.17 (t, J = 7.1 Hz, 3H); 3C
NMR (125 MHz, DMSO) & 181.94, 160.09, 152.73, 152.06, 147.08, 139.51, 130.27, 130.19, 128.17,
127.75, 115.53, 103.14, 98.16, 55.39, 43.85, 34.61, 30.78, 27.09, 20.88, 13.48. HRMS (ESI): calcd.
for C21H23N203 [M+H]*: 351.1703, found: 351.1704.

8-cyclopropyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-
dione (3f)
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NH o
(Ll
OH Nﬁ

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (17.8
mg, 49% yield) as a red solid, mp: 91-94 <C.

'H NMR (500 MHz, CDCls) 6 7.46 (s, 1H), 7.01 — 6.89 (m, 2H), 6.71 (t, J = 8.6 Hz, 2H), 6.16 (d, J =
7.7 Hz, 1H), 4.85 (s, 1H), 4.59 (d, J = 9.8 Hz, 1H), 3.76 — 3.65 (m, 1H), 3.41 (dd, J = 13.6, 5.3 Hz, 1H),
2.58 (s, 1H), 2.49 (dt, J = 15.6, 5.9 Hz, 1H), 2.28 (s, 3H), 2.10 (dd, J = 13.0, 7.3 Hz, 1H), 1.98 (d, J =
5.2 Hz, 2H), 0.98 (d, J = 6.0 Hz, 2H), 0.88 (s, 2H), 0.85 (d, J = 6.8 Hz, 1H); 3C NMR (125 MHz,
CDClz) 6 181.85, 161.23, 151.84, 150.85, 148.62, 139.52, 130.29, 130.22, 129.65, 128.31, 126.78,

115.84, 103.59, 99.04, 44.26, 40.72, 30.97, 29.72, 27.10, 21.93, 20.76, 5.94, 0.02. HRMS (ESI): calcd.
for C22H23N203 [M+H]*: 363.1703, found: 363.1706.

8-allyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione
(39)
NH o
Ll
OH N
9
Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (20.3
mg, 56% yield) as a red solid, mp: 90-93 <C.
IH NMR (500 MHz, CDCl3) § 7.51 (s, 1H), 7.00 — 6.90 (m, 2H), 6.73 (d, J = 8.0 Hz, 1H), 6.64 (d, J =
7.7 Hz, 1H), 5.88 (d, J = 7.7 Hz, 1H), 5.78 (ddd, J = 22.5, 10.6, 5.5 Hz, 1H), 5.21 (dd, J = 19.3, 13.9
Hz, 2H), 5.08 (s, 1H), 4.60 (dd, J = 10.4, 2.5 Hz, 1H), 4.23 (d, J = 5.3 Hz, 2H), 3.74 (ddd, J = 12.8, 8.0,
3.7 Hz, 1H), 3.42 (ddd, J = 13.7, 10.0, 5.8 Hz, 1H), 2.49 (ddd, J = 16.3, 12.1, 6.0 Hz, 1H), 2.27 (s, 3H),
2.16 — 2.07 (m, 1H), 2.03 — 1.90 (m, 2H); 3C NMR (125 MHz, CDCl3) § 181.55, 160.46, 152.19,
150.94, 147.36, 139.38, 131.35, 130.21, 130.12, 129.52, 128.31, 127.22, 118.05, 115.87, 103.59, 98.58,

44,18, 42.41, 40.45, 30.95, 27.11, 20.76. HRMS (ESI): calcd. for CzH23N203 [M+H]*: 363.1703,
found: 363.1706.

3-benzyl-6-(2-hydroxy-5-methylphenyl)-3,6,6a,7,8,9,10,10a,11,12-decahydrobenzo[5,6]azepin
0[2,3-elindole-1,2-dione (3h)

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:4) gave the product (20.3
mg, 63% vyield) as a red solid, mp: 83-85 <C with 20:1 dr.

!H NMR (500 MHz, CDCl3) & 7.44 (d, J = 7.1 Hz, 1H), 7.31 — 7.22 (m, 6H), 7.03 (s, 1H), 6.94 (d, J =
8.1 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 6.51 (d, J = 7.7 Hz, 1H), 5.72 (d, J = 7.7 Hz, 1H), 5.02 (s, 1H),
4.75 (q, J = 15.6 Hz, 2H), 4.18 (d, J = 10.4 Hz, 1H), 4.04 — 3.94 (m, 1H), 3.13 (dd, J = 13.7, 7.9 Hz,
1H), 2.38 (d, J = 5.6 Hz, 2H), 2.30 (s, 3H), 1.72 (d, J = 12.5 Hz, 1H), 1.58 (d, J = 4.2 Hz, 3H), 1.50 (d,
J = 9.7 Hz, 1H), 1.13 (dd, J = 20.0, 12.0 Hz, 3H); ®°C NMR (125 MHz, CDCls) § 181.39, 160.95,
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151.66, 151.41, 147.07, 138.20, 135.62, 130.18, 129.96, 128.79, 128.34, 127.81, 127.54, 126.49,
125.70, 116.32, 103.51, 98.38, 46.45, 43.83, 41.15, 37.05, 32.26, 29.20, 25.53, 22.20, 20.83. HRMS
(ESI): calcd. for CsoH31N203 [M+H]*: 467.2329, found: 467.2334.

8-benzyl-5-(2,5-dihydroxyphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione (3i)

NH o
HO O O o
OH N
Bn

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:2) gave the product (16.6
mg, 40% yield) as a red solid, mp: 133-134 <C.

!H NMR (500 MHz, DMSO) § 8.68 (s, 1H), 8.58 (s, 1H), 7.54 (s, 1H), 7.32 (d, J = 2.9 Hz, 4H), 7.26
(d, J = 3.6 Hz, 1H), 6.66 — 6.52 (m, 3H), 6.45 (d, J = 8.5 Hz, 1H), 6.41 (s, 1H), 6.03 (d, J = 7.6 Hz, 1H),
4.78 (s, 2H), 4.52 (d, J = 9.2 Hz, 1H), 3.57 (d, J = 8.0 Hz, 1H), 3.54 — 3.42 (m, 3H), 2.37 (d, J = 5.0 Hz,
1H), 1.86 (t, J = 13.8 Hz, 2H), 1.77 (s, 1H); *C NMR (125 MHz, DMSO) & 181.46, 160.56, 152.16,
150.15, 147.37, 147.22, 139.86, 136.80, 131.13, 129.12, 127.96, 127.93, 127.88, 116.54, 116.22,
114.03, 103.32, 98.82, 44.04, 43.27, 30.57, 26.86. HRMS (ESI): calcd. for CisH2sN20s [M+H]*:
415.1652, found: 415.1662.

8-benzyl-5-(5-(benzyloxy)-2-hydroxyphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-
dione (3j)

NH o
BnO O O o]
OH N
Bn

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (21.2
mg, 42% vyield) as a red solid, mp: 193-194 <C.

'H NMR (500 MHz, CDCl3) & 7.41 (s, 1H), 7.38 — 7.11 (m, 10H), 6.67 (s, 2H), 6.64 (s, 1H), 6.49 (d, J
=7.4 Hz, 1H), 5.70 (d, J = 7.3 Hz, 1H), 4.89 (s, 2H), 4.80 (s, 1H), 4.72 (s, 2H), 4.49 (d, J = 9.8 Hz, 1H),
3.56 (s, 1H), 3.29 (d, J = 9.9 Hz, 1H), 2.34 (s, 1H), 1.98 (d, J = 8.6 Hz, 1H), 1.86 (s, 2H); 3C NMR
(125 MHz, CDCls) 8 180.44, 159.75, 151.83, 151.15, 146.33, 146.16, 138.49, 136.07, 134.50, 129.95,
127.81, 127.52, 126.88, 126.84, 126.48, 126.44, 125.91, 115.96, 115.53, 112.59, 102.66, 97.76, 69.66,
43.20, 42.84, 39.67, 29.70, 25.82. HRMS (ESI): calcd. for CsaH29N204 [M+H]*: 505.2122, found:
505.2133.

8-benzyl-5-(2-hydroxy-5-isopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-di
one (3k)

NH o
i-Pr O O o]
OH N
Bn

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (20.3
mg, 46% yield) as a red solid, mp: 100-101 <C.
'H NMR (500 MHz, CDCls) § 7.54 (s, 1H), 7.34 — 7.20 (m, 5H), 7.00 (dd, J = 8.2, 2.2 Hz, 1H), 6.95 (d,
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J=2.1Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H), 6.54 (d, J = 7.7 Hz, 1H), 5.78 (d, J = 7.7 Hz, 1H), 4.83 (s,
1H), 4.79 (d, J = 5.8 Hz, 1H), 4.59 (dd, J = 10.6, 2.7 Hz, 1H), 3.77 (ddt, J = 12.8, 8.9, 3.6 Hz, 1H), 3.41
(dtd, J = 13.9, 5.9, 3.9 Hz, 1H), 2.82 (dt, J = 13.8, 6.9 Hz, 1H), 2.52 — 2.39 (m, 1H), 2.10 (dtd, J = 10.4,
7.4,3.0 Hz, 1H), 1.19 (dd, J = 6.9, 2.7 Hz, 6H); 3C NMR (125 MHz, CDCl3) 8 181.53, 160.79, 152.11,
150.98, 147.28, 14151, 139.14, 135.57, 129.31, 128.80, 127.82, 127.78, 127.49, 127.19, 125.44,
115.75, 103.66, 98.70, 44.12, 43.86, 40.56, 33.42, 31.02, 27.20, 24.34, 24.20, 1.04. HRMS (ESI):
calcd. for CosHaoN203 [M+H]*: 441.2173, found: 441.2207.

8-benzyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,1
0-dione (3I)

NH o
i-Pr O O o
N
HO Bn
i-Pr

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (30.4
mg, 63% vyield) as a red solid, mp: 209-210 <C.

IH NMR (500 MHz, CDCls) & 7.55 (s, 1H), 7.39 — 7.19 (m, 6H), 6.82 (s, 2H), 6.57 (d, J = 7.7 Hz, 1H),
5.79 (d, J = 7.7 Hz, 1H), 4.88 (d, J = 15.8 Hz, 1H), 4.81 — 4.69 (m, 2H), 4.24 (dd, J = 9.8, 2.6 Hz, 1H),
3.60 (ddd, J = 18.0, 10.1, 5.9 Hz, 1H), 3.35 (dq, J = 13.9, 5.4 Hz, 1H), 3.14 (it, J = 13.7, 6.8 Hz, 2H),
2.37 (ddd, J = 15.6, 11.6, 5.8 Hz, 1H), 2.16 (dtd, J = 10.8, 7.9, 2.9 Hz, 1H), 2.01 — 1.88 (m, 2H), 1.27 -
1.17 (m, 12H); 3C NMR (125 MHz, CDCl3) § 181.53, 160.86, 152.17, 148.50, 147.19, 140.47, 135.66,
135.59, 133.80, 128.85, 128.79, 128.31, 127.78, 127.45, 127.37, 123.35, 103.52, 98.41, 46.05, 43.88,
43.83, 31.73, 27.35, 26.70, 22.78. HRMS (ESI): calcd. for CsiH3sN.O3 [M+H]*: 483.2642, found:
483.2625.

8-ethyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-
dione (3m)

NH o
i-Pr O O o
N
HO Et
i-Pr

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (23.1
mg, 55% vyield) as a red solid, mp: 116-118 <C.

IH NMR (500 MHz, CDCls) & 7.51 (s, 1H), 6.87 (s, 2H), 6.68 (d, J = 7.7 Hz, 1H), 5.91 (d, J = 7.7 Hz,
1H), 4.76 (s, 1H), 4.28 (dd, J = 9.6, 2.5 Hz, 1H), 3.69 (tq, J = 14.2, 7.3 Hz, 2H), 3.58 (ddd, J = 11.4,
10.1, 5.7 Hz, 1H), 3.35 (dg, J = 13.9, 5.5 Hz, 1H), 3.17 (dq, J = 13.7, 6.8 Hz, 2H), 2.40 (tt, J = 9.9, 5.8
Hz, 1H), 2.19 (dtd, J = 10.6, 7.9, 2.9 Hz, 1H), 2.02 — 1.91 (m, 2H), 1.24 (dt, J = 8.6, 4.3 Hz, 16H); 3C
NMR (125 MHz, CDCl3) 8 182.08, 160.44, 152.22, 148.47, 147.21, 140.49, 135.72, 133.80, 128.10,
123.34, 103.35, 97.46, 46.06, 43.81, 34.77, 31.65, 27.35, 26.67, 22.82, 13.23. HRMS (ESI): calcd. for
Ca6H33N203 [M+H]*: 421.2486, found: 421.2498.

8-cyclopropyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indol
e-9,10-dione (3n)
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NH o
i-Pr O O 0
N
o L ﬁ
Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (28.1
mg, 65% yield) as a red solid, mp: 163-164 <C.

IH NMR (500 MHz, CDCl3) & 7.48 (s, 1H), 6.86 (s, 2H), 6.70 (d, J = 7.7 Hz, 1H), 6.17 (d, J = 7.7 Hz,
1H), 4.76 (s, 1H), 4.28 (dd, J = 9.6, 2.5 Hz, 1H), 3.57 (ddd, J = 11.6, 10.0, 5.5 Hz, 1H), 3.38 — 3.27 (m,
1H), 3.16 (dt, J = 13.7, 6.8 Hz, 2H), 2.66 — 2.55 (m, 1H), 2.40 (tt, J = 9.9, 5.8 Hz, 1H), 2.18 (dtd, J =
10.6, 7.9, 3.0 Hz, 1H), 2.00 — 1.88 (m, 2H), 1.25 (dd, J = 6.8, 4.8 Hz, 13H), 0.98 (t, J = 7.4 Hz, 2H),
0.93 — 0.84 (m, 2H); BC NMR (125 MHz, CDCl3) 5 181.81, 161.32, 151.87, 148.47, 148.42, 140.68,
135.78, 133.79, 127.90, 123.34, 103.35, 98.65, 46.06, 43.83, 31.64, 27.35, 26.68, 22.83, 21.93, 5.95,

5.93. HRMS (ESI): calcd. for C27H33N203 [M+H]*: 433.2486, found: 433.2485.

8-(cyclopropylmethyl)-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino|2,
3-elindole-9,10-dione (30)

NH o

i-Pr O O o
N

o w

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (33.0

mg, 74% vyield) as a red solid, mp: 64-66 <C.

!H NMR (500 MHz, CDCl3) 6 7.53 (s, 1H), 6.87 (s, 2H), 6.68 (d, J = 7.6 Hz, 1H), 5.96 (d, J = 7.6 Hz,

1H), 4.76 (s, 1H), 4.28 (d, J = 8.7 Hz, 1H), 3.59 (dd, J = 13.5, 4.8 Hz, 1H), 3.56 — 3.45 (m, 2H), 3.35

(dd, J =13.7, 5.6 Hz, 1H), 3.16 (dt, J = 13.4, 6.7 Hz, 2H), 2.40 (dt, J = 14.7, 7.3 Hz, 1H), 2.26 — 2.14

(m, 1H), 2.02 — 1.92 (m, 2H), 1.61 (s, 1H), 1.35 — 1.17 (m, 14H), 0.51 (d, J = 7.5 Hz, 2H), 0.36 (d, J =

4.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 182.06, 160.80, 152.20, 148.48, 147.80, 140.48, 135.73,

133.80, 128.06, 123.36, 103.36, 97.79, 46.07, 44.41, 43.83, 31.70, 27.35, 26.69, 22.82, 9.97, 4.02, 3.93.

HRMS (ESI): calcd. for CosHasN203 [M+H]*: 447.2642, found: 447.2640.

8-allyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-d
ione (3p)

NH o
i-Pr O 0
N
HO
i-Pr \\

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (18.6
mg, 43% yield) as a red solid, mp: 63-64 <C.

'H NMR (500 MHz, CDCls) § 7.53 (s, 1H), 7.53 (s, 1H), 6.86 (s, 2H), 6.86 (s, 2H), 6.65 (d, J = 7.7 Hz,
1H), 6.65 (d, J = 7.7 Hz, 1H), 5.90 (d, J = 7.7 Hz, 1H), 5.90 (d, J = 7.7 Hz, 1H), 5.81 (ddd, J = 22.5,
10.5, 5.4 Hz, 1H), 5.81 (ddd, J = 22.5, 10.5, 5.4 Hz, 1H), 5.22 (dd, J = 19.6, 13.8 Hz, 2H), 4.75 (s, 1H),
4.36 — 4.18 (m, 3H), 3.59 (ddd, J = 16.4, 10.2, 5.9 Hz, 1H), 3.35 (dg, J = 13.9, 5.5 Hz, 1H), 3.21 — 3.08
(m, 2H), 2.40 (tt, J = 10.0, 5.8 Hz, 1H), 2.18 (dtd, J = 10.7, 7.9, 2.9 Hz, 1H), 1.96 (dq, J = 12.2, 6.0 Hz,
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2H), 1.24 (dd, J = 6.8, 4.1 Hz, 13H); *C NMR (125 MHz, CDCls)§ 181.58, 160.50, 152.17, 148.48,
147.28, 140.52, 135.66, 133.79, 131.43, 128.21, 123.34, 117.91, 103.40, 98.21, 46.05, 43.84, 42.37,
31.66, 27.34, 26.67, 22.81. HRMS (ESI): calcd. for C27H33N203 [M+H]*: 433.2486, found: 433.2487.

8-benzyl-5-(4-hydroxy-3-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
e (3a)

NH o
L
N
HO Bn

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:8) gave the product (15.8
mg, 38% yield) as a red solid, mp: 95-98 <C.

'H NMR (500 MHz, CDCl3) § 7.53 (s, 1H), 7.35 — 7.26 (m, 5H), 6.90 (s, 1H), 6.89 — 6.82 (m, 1H),
6.74 (d, J = 8.2 Hz, 1H), 6.63 (d, J = 7.7 Hz, 1H), 5.81 (d, J = 7.7 Hz, 1H), 4.82 (dd, J = 32.5, 15.7 Hz,
2H), 4.19 (dd, J = 9.0, 2.3 Hz, 1H), 3.56 — 3.42 (m, 1H), 3.33 (dd, J = 13.3, 6.3 Hz, 1H), 2.42 — 2.29 (m,
1H), 2.22 (s, 3H), 2.14 (ddd, J = 14.0, 9.4, 2.7 Hz, 1H), 1.97 — 1.86 (m, 2H); 3C NMR (125 MHz,
CDCls) & 181.49, 160.84, 152.38, 152.27, 147.31, 140.88, 136.06, 135.63, 130.71, 128.83, 127.84,
127.74, 127.50, 126.73, 123.89, 114.97, 103.54, 98.47, 45.70, 43.86, 43.83, 31.22, 26.33, 15.93.
HRMS (ESI): calcd. for CasH2sN203 [M+H]*: 413.1860, found: 413.1861.

5-methyl-1,2,3,3a-tetrahydro-5H-benzo[d]pyrrolo[2,1-b][1,3]oxazine (8)

Lo
ea

Flash column chromatography on silica gel (ethyl acetate: petroleum ether, 1:100) gave the product
(7.2 mg, 38% vyield) as a colorless oil with 3.3:1 dr.

'H NMR (500 MHz, CDCl3) § 7.14 (t, J = 7.7 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.73 (t, J = 7.5 Hz,
1H), 6.64 (d, J = 8.0 Hz, 1H), 5.03 (t, J = 5.2 Hz, 1H), 4.99 (dd, J = 12.8, 6.4 Hz, 1H), 3.59 — 3.54 (m,
1H), 3.25 (dd, J = 16.0, 8.3 Hz, 1H), 2.32 — 2.28 (m, 1H), 2.06 (td, J = 7.0, 3.7 Hz, 1H), 1.93 — 1.88 (m,
2H), 1.55 (s, 3H); 3C NMR (125 MHz, CDCl3) & 143.21, 127.80, 126.44, 124.26, 117.75, 114.64,
88.84, 73.12, 49.48, 32.42, 22.38, 20.29. HRMS (ESI): calcd. for C12H1sNO [M+H]*: 190.1226, found:
190.1227.

1-benzyl-3-hydroxy-4-(pyrrolidin-1-yl)indolin-2-one (9)

()

N OH

o

White solid, mp: 132-133 <C.

IH NMR (500 MHz, CDCl3) & 7.31 — 7.23 (m, 5H), 7.04 (t, J = 8.1 Hz, 1H), 6.33 (d, J = 8.5 Hz, 1H),
6.09 (d, J = 7.5 Hz, 1H), 5.23 (s, 1H), 4.85 (dd, J = 34.8, 15.7 Hz, 2H), 3.71 (dd, J = 14.4, 7.3 Hz, 2H),
3.43 (s, 1H), 3.35 (s, 2H), 2.08 — 1.87 (m, 4H): 3C NMR (125 MHz, CDCls) & 176.52, 146.24, 145.40,
135.81, 130.62, 128.74, 127.54, 127.14, 109.95, 107.64, 98.29, 69.93, 48.37, 43.67, 25.41. HRMS
(ESI): calcd. for C19H21N20, [M+H]*: 309.1598, found: 309.1597.
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4. H and BC-NMR Spectra
1-benzyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1a)
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1-(4-methylbenzyl)-4-(pyrrolidin-1-yl)indoline-2,3-dione (1b)
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1-phenyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1c)
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1-methyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1d)
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1-ethyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1e)
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1-cyclopropyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1f)
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1-cyclopropyl-4-(pyrrolidin-1-yl)indoline-2,3-dione (1g)
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1-benzyl-4-(octahydro-2H-isoindol-2-yl)indoline-2,3-dione (1h)
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1-(cyclopropylmethyl)-4-(pyrrolidin-1-yl)indoline-2,3-dione (10)
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8-benzyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion

e (3a)

61
oT'T
16T
kot

860

Fé60

€60
661

760
oot
=160

9670
Fo81T

[ses

Fro1

f1 (ppm)

SIe0E
LTiT~
IOTE~

LOT O~
SLETE
m——,:v

T8I —

f1 (ppm)
S24

220 210 200 180 180

230




5-(2-hydroxy-5-methylphenyl)-8-(4-methylbenzyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole
3b

-9,10-dione (3b)

—J e
WL
a._w,ﬁv

F= 4rE—
SLEWE—
B ”m S0E 0~
YT~
Tt ="
~ £0T |
p OT'T [«
8L
— rmm.u "
01T | o
Faot| w
E Fzot
. [~ 98LI6—
e —
L=g
B = hggo| 7*
= . N 98—
hogz|[ =
_ prot Fa
FL60
P60 oo
oot 08091 —
0Tt |
60T [
wﬁﬂ
WMH (=]
Frot e 35181 —

f1 (ppm)
S25

3b




5-(2-hydroxy-5-methylphenyl)-8-phenyl-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
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5-(2-hydroxy-5-methylphenyl)-8-methyl-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion

e (3d)
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8-ethyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione

(3e)
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8-cyclopropyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-

dione (3f)
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8-allyl-5-(2-hydroxy-5-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione

(30)
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3-benzyl-6-(2-hydroxy-5-methylphenyl)-3,6,6a,7,8,9,10,10a,11,12-decahydrobenzo[5,6]azepin

0[2,3-elindole-1,2-dione (3h)
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NOE spectra of 3-benzyl-6-(2-hydroxy-5-methylphenyl)-3,6,6a,7,8,9,10,10a,11,12-decahydro

benzol[5,6]azepino[2,3-e]indole-1,2-dione (3h)
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8-benzyl-5-(2,5-dihydroxyphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dione (3i)
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8-benzyl-5-(5-(benzyloxy)-2-hydroxyphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-

dione (3j)
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8-benzyl-5-(2-hydroxy-5-isopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-di

one (3k)
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8-benzyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,1

0-dione (3I)
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8-ethyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-

dione (3m)
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8-cyclopropyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indol

e-9,10-dione (3n)
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8-(cyclopropylmethyl)-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino|2,

3-elindole-9,10-dione (30)
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8-allyl-5-(4-hydroxy-3,5-diisopropylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-d

ione (3p)
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8-benzyl-5-(4-hydroxy-3-methylphenyl)-1,2,3,4,5,8-hexahydroazepino[2,3-e]indole-9,10-dion
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V.

5-methyl-1,2,3,3a-tetrahydro-5H-benzo[d]pyrrolo[2,1-b][1,3]oxazine (8)
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1-benzyl-3-hydroxy-4-(pyrrolidin-1-yl)indolin-2-one (9)
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5. X-ray Crystallography of 3a
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3a (CCDC 1829218)

Table 1. Crystal data and structure refinement for 3a.

Identification code 3a

Empirical formula C26H24N203

Formula weight 412.47

Temperature 293(2) K

Wavelength 1.54184 A

Crystal system, space group Triclinic, P -1

Unit cell dimensions a=7.4591(17) A alpha=102.784(17) deg.

b=12.033(3) A beta = 94.976(16) deg.
€c=12.1333(18) A gamma = 99.04(2) deg.

Volume 1040.5(4) A3

Z, Calculated density 2, 1.317 Mg/m"3

Absorption coefficient 0.694 mm~-1

F(000) 436

Crystal size 0.08 x 0.07 x 0.07 mm

Theta range for data collection 3.77 to 67.24 deg.

Limiting indices -8<=h<=8, -14<=k<=14, -14<=I<=9
Reflections collected / unique 6312 /3691 [R(int) = 0.0865]
Completeness to theta = 67.24 99.0 %

Max. and min. transmission 0.9530 and 0.9466

Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 3691/0/ 283

Goodness-of-fit on F~2 0.917

Final R indices [I>2sigma(l)] R1=0.0775, wR2 = 0.1627

R indices (all data) R1 =0.2325, wR2 = 0.2573
Extinction coefficient 0.0020(6)

Largest diff. peak and hole 0.194 and -0.236 e.A"-3
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