
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
Ju

ne
 2

01
9.

 D
ow

nl
oa

de
d 

on
 8

/1
6/

20
24

 6
:3

6:
35

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
A facile approach
aSchool of Energy Science and Engineering, N

Jiangsu Province, China
bDepartment of Chemistry for Materials,

University, Tsu, Mie 514-8507, Japan. E-ma

† Electronic supplementary informa
10.1039/c9ra02204j

Cite this: RSC Adv., 2019, 9, 17341

Received 21st March 2019
Accepted 27th May 2019

DOI: 10.1039/c9ra02204j

rsc.li/rsc-advances

This journal is © The Royal Society of C
to 2-alkoxyindolin-3-one and its
application to the synthesis of N-benzyl
matemone†

Makoto Shimizu, *ab Hayao Imazato,b Isao Mizotab and Yusong Zhua

2-Alkoxycarbonylindolin-3-one is synthesized from a methoxyglycine derivative via a 1,2-aza-Brook

rearrangement followed by cyclization with bis(trimethylsilyl)aluminum chloride. A short-step

synthesis of N-benzyl matemone is successfully carried out using the present indolin-3-one

synthesis.
Introduction

Heterocyclic compounds possessing an oxindole1 skeleton
have received considerable attention due to the widespread
existence of naturally occurring bioactive materials contain-
ing this particular heterocycle. Among them bromine-
containing and/or 2-alkoxy indolin-3-one and indole alka-
loids such as matemone 3,2 cephalinone 4,3 and bromoaply-
sinopisin 6 (ref. 4) show intriguing bioactivities. Regarding
matemone, it was isolated from the Indian Ocean sponge
Iotrochota purpurea and its structure was elucidated in 2000.
Matemone shows mild cytotoxicity against three cancer cell
lines and marginal antibacterial activity against Staphylo-
coccus aureus. We have been interested in the reactivity of a-
iminoesters in umpolung reactions,5 and a facile indolin-3-
one synthesis via aza-Brook rearrangement has been devel-
oped (Scheme 1).6

However, difficulties have been encountered regarding
the substituents at the 2-position, i.e., only 2,2-disubsti-
tuted derivatives 2 could be synthesized by our previously
reported procedure (compound 2, R ¼ Ar or CO2R0).

For the construction of matemone and related structures,
a procedure using the aldimine of type 1 (R ¼ H) is needed; in
particular, a facile approach to 2-mono-substituted indolin-3-
one, a key intermediate is needed. We have now found that
methoxyglycine derivative 11 serves as a good precursor to the
aldimine 10, and 2-alkoxycarbonylindolin-3-one has been
successfully synthesized using this particular imine precursor
11 (Scheme 2).
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Results and discussion

For the synthesis of this particular aldimine 10, we examined
several approaches, such as direct imination of glyoxylate
through dehydration and oxidation of glycine derivatives 9
(MnO2, DDQ, NBS, etc.).7 However, none of the attempted
procedures worked, and only complex mixtures were obtained
(Scheme 3).

We nally found that the methoxyglycine derivative 11 could
be isolated in good yield and served as a stable imine
precursor.8 Cyclization reaction of this methoxy amino diester
11 was carried out with (TMS)2AlCl,9 and the results are
summarized in Table 1.

An initial examination using 2.0 equiv. of (TMS)2AlCl in
EtCN as a solvent led to the formation of the desired indolin-
3-one 12 in only 15% yield (entry 1). Increasing the amount of
(TMS)2AlCl to 4.0 equiv. improved the yield to 56% (entry 2).
However, the use of a large excess of the reagent decreased
the yield (entry 3). Use of other solvents such as CH2Cl2, Et2O,
and THF was unsuccessful (entries 7, 9 and 10). Regarding
the reaction temperature, the treatment of the starting
Scheme 1 A new approach to indolin-3-ones and the present N-
benzyl matemone synthesis.
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Scheme 2 Bioactive compounds possessing 2-alkoxyindolin-3-one
and a related structure.

Scheme 3 Attempted synthesis and a precursor 11 to the aldimine 10.

Table 1 Preparation of indolin-2-one 12

Entry Temperature (TMS)2AlCl (equiv.)

1 �78 �C to rt 2.0
2 �78 �C to rt 4.0
3 �78 �C to rt 6.0
4 �40 �C to rt 4.0
5 �78 to 0 �C 4.0
6 �78 to 50 �C 4.0
7 �78 �C to rt 4.0
8 �78 �C to rt 4.0
9 �78 �C to rt 4.0
10 �78 �C to rt 4.0

a Isolated yield.

17342 | RSC Adv., 2019, 9, 17341–17346
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material 11 with (TMS)2AlCl at �78 �C, followed by warming
the whole mixture to room temperature recorded the best
result (entry 2). The following Scheme 4 shows a possible
reaction pathway.

First, the aldimine 10 is formed in situ by the treatment of
the methoxyglycine derivative 11 with bis(trimethylsilyl)
aluminum chloride. The formation of the imine 10 was
detected by a direct injection EI-MS (m/z 313). This imine 10
would be attacked by the second equivalent of bis(-
trimethylsilyl)aluminum chloride to form the aluminum eno-
late 13 via an aza-Brook rearrangement.10 A subsequent
Dieckmann cyclization followed by hydrolysis gives the
indolin-3-one 12 (Scheme 5).

For the synthesis of matemone 3, the introduction of the
methoxy group at the C-2 position is needed. Aer several
attempts using a series of oxidation reagents, we found that
the oxidation of the silyl enol ether 15 with NBS in methanol
gave satisfactory results.11,12 However, selective reduction at
the ester moiety was not successful.13 Bis-reduction at the
ketone and the ester moieties followed by oxidation at the
benzylic alcohol was also failed to give only complex
mixtures. We then changed the order of the functional group
transformations, i.e., reduction of the ester moiety, followed
by the introduction of the methoxy group. This procedure
worked well to give N-benzyl matemone 17 in high yield
(Scheme 6).

This intriguing oxidation into the methoxy derivative 17 is
explicable in terms of the formation of the iminium species 19,
which is attacked by methanol (Scheme 7).

We next attempted removal of the benzyl group under
a series of conditions (RSH/base, TMSI, Ca or Na/liq. NH3,
H2/Pd or Pt, etc.). Although a small amount of matemone was
detected by the mass spectra of the crude reaction mixtures,
attempted isolation by silica gel chromatography was not
Solvent Yield of 12a (%)

EtCN 15
EtCN 56
EtCN 38
EtCN 37
EtCN 36
EtCN 46
CH2Cl2 6
EtCN/CH2Cl2 (1 : 1) 50
Et2O 26
THF 38

This journal is © The Royal Society of Chemistry 2019
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Scheme 4 A proposed reaction mechanism of the indolin-3-one 12
synthesis.

Scheme 5 Introduction of 2-methoxy group.

Scheme 6 Synthesis of N-benzyl matemone.

Scheme 7 A proposed pathway for the introduction of a methoxy
group.
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successful. We also attempted the isolation as an acetate
form by treatment of the whole reaction mixtures with an
excess AcCl/base. However, the acetate was not isolated in
sufficient quantity. Studies indicated that unprotected
matemone was unstable due to a solvent-induced polymeri-
zation process.2 Therefore, matemone was immediately
converted to the stable acetate derivative 3 (R2 ¼ Ac), and
detailed spectroscopic analyses were carried out with the
acetate derivative. We found that N-protected matemone 18
was also reasonably stable and would be subject to further
functional group interconversions.14
This journal is © The Royal Society of Chemistry 2019
Conclusions

We have found that the methoxyglycine derivative 11 is a good
precursor to the aldimine 10 derived from glyoxylate, and the
subsequent treatment of this particular methoxyglycine 11 with
bis(trimethylsilyl)aluminum chloride provides 2-
alkoxycarbonylindolin-3-ones. Further oxidation of the silyl
enol ether prepared from the 2-alkoxycarbonylindolin-3-one
undergoes a facile oxidation reaction with NBS in methanol to
give the 2-methoxy derivatives in high yields. This procedure
has proved to be effective for the synthesis of N-benzyl mate-
mone as a reasonably stable derivative. Although we have not
examined the bioactivity of the N-benzyl matemone 17 yet, we
will submit it and other derivatives to bioassay in due course.
RSC Adv., 2019, 9, 17341–17346 | 17343
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Experimental
General aspects

Infrared spectra were determined on a JASCO FT/IR-460 plus
spectrometer. 1H NMR and 13C NMR spectra were recorded with
a JEOL ECX-400P, or a JEOL A-500 spectrometer using tetra-
methylsilane as an internal standard. Mass spectra were recor-
ded on a JEOL MS-700D spectrometer. Propionitrile (EtCN) and
acetonitrile (MeCN) were distilled from phosphorus pentoxide
and then from calcium hydride and stored over Molecular
Sieves 4 Å. Dichloromethane (CH2Cl2) was distilled from
calcium hydride and stored over Molecular Sieves 4 Å. Toluene
was dried over calcium chloride, distilled, and stored over
Molecular Sieves 4 Å. Diethyl ether (Et2O) and tetrahydrofuran
(THF) were distilled from benzophenone ketyl immediately
before use or puried by Glass Contour Organic Solvent Puri-
cation System of Nikko Hansen & Co., Ltd. MeOH was heated
at reux over magnesium for 5 h, distilled, and stored over
Molecular Sieves 3 Å. Purication of products was performed by
column chromatography on silica gel (Kanto Silica Gel 60N)
and/or preparative TLC on silica gel (Merck Kiesel Gel GF254 or
Wako Gel B-5F).

Methyl 4-bromo-2-[(2-ethoxy-1-methoxy-2-oxoethyl)amino]-
benzoate (11)

In a 30 mL two-necked round-bottomed ask equipped with
a magnetic stirring bar, a rubber septum and an argon balloon
were placed methyl 2-amino-4-bromobenzoate (460.0 mg, 2.00
mmol) prepared according to the reported procedures,15 ethyl
glyoxylate (1.23 mL, 6.00 mmol, 50% in toluene), and methanol
(10.0 mL), respectively. The mixture was stirred at reux for
16 h. Aer cooling to room temperature, the mixture was
concentrated in vacuo to give a crude oil, which was puried by
silica gel chromatography (nhexane : ethyl acetate ¼ 6 : 1) to
give the title compound 11 (604.6 mg, 87%) as white crystals.

Yield 87% (604.6 mg); white crystals; mp 86–88 �C; Rf ¼ 0.50
(nhexane : ethyl acetate ¼ 4 : 1); 1H NMR (400 MHz, CDCl3)
d 1.36 (t, J ¼ 7.3 Hz, 3H), 3.30 (s, 3H), 3.89 (s, 3H), 4.34 (q, J ¼
7.3 Hz, 2H), 5.26 (d, J ¼ 6.4, 1H), 6.88–6.91 (m, 1H), 7.13 (d, J ¼
1.8 Hz, 1H), 7.79 (d, J ¼ 8.7 Hz, 1H), 8.98 (d, J ¼ 6.4 Hz, 1H); 13C
NMR (100 MHz, CDCl3) d 14.1, 51.6, 51.9, 62.2, 81.4, 110.9,
116.1, 120.7, 129.5, 132.7, 148.6, 167.9, 168.0; IR (neat) 3329,
2952, 1743, 1693, 1571, 1505, 1240, 1095, 1064, 769 cm�1; HRMS
(EI) calcd for C13H16BrNO5 (M)+ 345.0212 found 345.0196.

General procedure: synthesis of ethyl 6-bromo-3-hydroxy-1H-
indole-2-carboxylate (12) (Table 1)

Under an argon atmosphere, a solution of methyl 4-bromo-2-[(2-
ethoxy-1-methoxy-2-oxoethyl)amino]-benzoate 11 (100.0 mg,
0.29mmol) in EtCN (30.0 mL) was placed at�78 �C and to it was
added a propionitrile solution (10 mL) of (TMS)2AlCl, which was
prepared by mixing aluminum chloride (52.0 mg, 0.39 mmol)
and (TMS)3Al$Et2O (0.62 mL, 0.77 mmol, 1.25 M in Et2O) at
room temperature in another ask. Aer themixture was stirred
for 2 hours at room temperature, to it was added saturated
aqueous potassium uoride followed by a saturated aqueous
17344 | RSC Adv., 2019, 9, 17341–17346
Rochelle's salt to quench the reaction. The whole mixture was
extracted with ethyl acetate (10 mL � 3). The combined organic
phases were washed with brine, dried over Na2SO4, and
concentrated in vacuo to give a crude product. Purication by
silica gel column chromatography (nhexane : ethyl acetate ¼
4 : 1 as an eluent) gave ethyl 6-bromo-3-hydroxy-1H-indole-2-
carboxylate 12 (44.8 mg, 56%) as yellow crystals.

Yield 56% (44.8 mg); mp 167–169 �C; yellow crystals; Rf ¼
0.32 (nhexane : ethyl acetate¼ 4 : 1); 1H NMR (400 MHz, CDCl3)
d 1.41 (t, J ¼ 6.9 Hz, 3H), 4.39 (q, J ¼ 6.9 Hz, 2H), 7.04–7.06 (m,
1H), 7.48–7.49 (m, 1H), 7.58–7.60 (m, 1H), 8.79 (s, 1H), 10.70 (s,
1H); 13C NMR (100 MHz, CDCl3) d 13.2, 58.7, 108.1, 113.6, 115.5,
118.0, 119.9, 120.3, 134.2, 142.8, 160.9; IR (neat) 3341, 1672,
1608, 1583, 1308, 1240, 1141, 1104, 1018, 770 cm�1; HRMS (EI)
calcd for C11H10BrNO3 (M)+ 282.9844 found 282.9842.

Ethyl 6-bromo-3-[(tert-butyldimethylsilyl)oxy]-1H-indole-2-
carboxylate (14)

In a 50 mL two-necked round-bottomed ask equipped with
a magnetic stirring bar, a rubber septum and an argon balloon
was placed ethyl 6-bromo-3-hydroxy-1H-indole-2-carboxylate
(125.4 mg, 0.44 mmol), DMAP (0.09 mmol, 10.8 mg), triethyl-
amine (0.12 mL, 0.88 mmol) and CH2Cl2 (10 mL), and to it was
added a solution of TBDMSCl (0.88 mmol, 132.6 mg) in CH2Cl2
(4 mL). Aer the mixture was stirred for 16 h at room temper-
ature, it was concentrated in vacuo to give a crude oil, which was
puried by silica gel column chromatography (nhexane : ethyl
acetate¼ 6 : 1) to give the title compound 14 (165.0 mg, 94%) as
white crystals.

Yield 94% (165.0 mg); white crystals; mp 135–136 �C; Rf ¼
0.54 (nhexane : ethyl acetate¼ 4 : 1); 1H NMR (400 MHz, CDCl3)
d 0.21 (s, 6H), 1.09 (s, 9H), 1.43 (t, J ¼ 6.9, 3H), 4.44 (q, J ¼ 7.3,
2H), 7.19–7.17 (m, 1H), 7.47–7.49 (m, 2H), 8.65 (s, 1H); 13C NMR
(100 MHz, CDCl3) d �4.2, 14.7, 18.3, 25.7, 60.7, 114.4, 114.7,
120.0, 120.6, 121.5, 123.0, 133.8, 139.7, 161.7; IR (neat) 3313,
2952, 1675, 1568, 1472, 1316, 1240, 1145, 851, 783 cm�1; HRMS
(EI) calcd for C17H24BrNO3Si (M)+ 397.0709 found 397.0707.

Ethyl 1-benzyl-6-bromo-3-[(tert-butyldimethylsilyl)oxy]-1H-indole-
2-carboxylate (15)

In a 30 mL two-necked round-bottomed ask equipped with
a magnetic stirring bar, a rubber septum and an argon balloon
was placed ethyl 6-bromo-3-[(tert-butyldimethylsilyl)oxy]-1H-
indole-2-carboxylate (37.0 mg, 0.09mmol), K2CO3 (15.2 mg, 0.11
mmol), benzyl bromide (0.01 mL) and MeCN (15 mL), and to it
was added a solution of TBDMSCl (132.6 mg, 0.88 mmol) in
MeCN (15 mL, 0.11 mmol). Aer the mixture was stirred for 16 h
at reux, it was ltered through a plug of cotton and concen-
trated in vacuo to give a crude oil, which was puried on silica
gel TLC (nhexane : ethyl acetate ¼ 5 : 1) to give the title
compound 15 (165.0 mg, 94%) as a colourless oil.

Yield 94% (41.1 mg); colourless oil; Rf¼ 0.68 (nhexane : ethyl
acetate¼ 4 : 1); 1H NMR (400MHz, CDCl3) d 0.18 (s, 6H), 1.08 (s,
9H), 1.28 (t, J ¼ 7.1, 3H), 4.31 (q, J ¼ 7.3, 2H), 5.65 (s, 2H), 6.95–
6.97 (m, 2H), 7.16–7.25 (m, 4H), 7.43–7.44 (m, 1H), 7.49–7.51
(m, 1H); 13C NMR (100 MHz, CDCl3) d �4.2, 14.5, 18.4, 25.8,
This journal is © The Royal Society of Chemistry 2019
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48.1, 60.3, 133.3, 116.0, 119.5, 120.1, 121.7, 123.1, 126.0, 127.1,
128.6, 137.4, 138.1, 141.1, 161.6; IR (neat) 2930, 2857, 1698,
1532, 1437, 1329, 1257, 1119, 830, 781 cm�1; HRMS (EI) calcd
for C24H30BrNO3Si (M)+ 487.1178 found 487.1163.

Ethyl 1-benzyl-6-bromo-2-methoxy-3-oxoindoline-2-carboxylate (16)

In a 30 mL two-necked round-bottomed ask equipped with
a magnetic stirring bar, a rubber septum and an argon balloon
was placed NBS (59.1 mg, 0.33 mmol) and MeOH (6.0 mL), and
to it was added a solution of ethyl 1-benzyl-6-bromo-3-[(tert-
butyldimethylsilyl)oxy]-1H-indole-2-carboxylate (59.1 mg, 0.30
mmol) in MeOH (4 mL) at 0 �C. Aer the mixture was stirred for
15 min at 0 �C, to it was added saturated aqueous K2CO3 to
quench the reaction. The whole mixture was extracted with
ethyl acetate (50 mL � 3). The combined organic phases were
washed with brine, dried over Na2SO4, and concentrated in
vacuo to give a crude product, which was puried by silica gel
column chromatography (nhexane : ethyl acetate¼ 4 : 1) to give
the title compound 16 (117.6 mg, 97%) as a yellow oil.

Yield 97% (117.6 mg); yellow oil; Rf ¼ 0.42 (nhexane : ethyl
acetate ¼ 4 : 1); 1H NMR (400 MHz, CDCl3) d 1.09–1.13 (m, 3H),
3.27 (s, 3H), 3.96–4.10 (m, 2H), 4.47–4.60 (m, 2H), 6.90–7.05 (m,
2H), 7.29–7.37 (m, 5H), 7.44–7.48 (m, 1H); 13C NMR (100 MHz,
CDCl3) d 13.8, 46.6, 52.1, 32.5, 112.7, 118.0, 122.7, 126.0, 127.1,
127.7, 128.8, 134.2, 135.9, 161.4, 165.1, 193.5; IR (neat) 2930,
1721, 1605, 1465, 1311, 1260, 1148, 1098, 906, 699 cm�1; HRMS
(EI) calcd for C17H16BrNO3 (M)+ 403.0419 found 403.0414.

1-Benzyl-6-bromo-3-[(tert-butyldimethylsilyl)oxy-1H-indol-2-yl]
methanol (18)

In a 30 mL two-necked round-bottomed ask equipped with
amagnetic stirring bar, a rubber septum and an argon balloonwas
placed a solution of ethyl 1-benzyl-6-bromo-3-[(tert-butyldime-
thylsilyl)oxy]-1H-indole-2-carboxylate (23.0 mg, 0.05 mmol) in
CH2Cl2 (5.0 mL), and to it was added dropwise DIBAL-H (0.09 mL,
0.09 mmol, 10% in n-hexane) at �20 �C. Aer the mixture was
stirred for 30 min at 0 �C, to it was added saturated aqueous
Rochelle's salt to quench the reaction. The whole mixture was
ltered through aCelite pad, andwas extractedwithCH2Cl2 (10mL
� 3). The combined organic phases were dried over Na2SO4, and
concentrated in vacuo to give a crude product, which was puried
on silica gel TLC (nhexane : ethyl acetate ¼ 4 : 1) to give the title
compound 18 (19.6 mg, 88%) as a yellow green oil.

Yield 88% (19.6 mg); yellow green oil; Rf ¼ 0.31 (nhex-
ane : ethyl acetate ¼ 4 : 1); 1H NMR (400 MHz, CDCl3) d 0.18 (s,
6H), 1.08 (s, 9H), 4.65 (d, J ¼ 5.5 Hz, 2H), 5.38 (s, 2H), 6.92–6.94
(m, 2H), 7.14–7.42 (m, 6H); 13C NMR (100 MHz, CDCl3) d �4.4,
18.2, 25.8, 46.8, 53.5, 112.4, 116.4, 119.8, 120.1, 122.2, 125.0,
125.7, 127.4, 128.8, 132.6, 135.3, 137.8; IR (neat) 3413, 2931,
2858, 1584, 1468, 1364, 1253, 1189, 1008, 829, 781 cm�1; HRMS
(EI) calcd for C22H28BrNO2Si (M)+ 445.1073 found 445.1073.

1-Benzyl-6-bromo-2-(hydroxymethyl)-2-methoxyindolin-3-one (17)

In a 30 mL two-necked round-bottomed ask equipped with
a magnetic stirring bar, a rubber septum and an argon balloon
was placed NBS (89.4 mg, 0.50 mmol) and MeOH (25.0 mL), and
This journal is © The Royal Society of Chemistry 2019
to it was added a solution of 1-benzyl-6-bromo-3-[(tert-butyldi-
methylsilyl)oxy-1H-indol-2-yl]methanol (203.8 mg, 0.46 mmol)
in MeOH (4 mL) at 0 �C. Aer the mixture was stirred for 5 min
at 0 �C, to it was added saturated aqueous K2CO3 to quench the
reaction. The whole mixture was extracted with ethyl acetate
(50 mL � 3). The combined organic phases were dried over
Na2SO4, and concentrated in vacuo to give a crude product,
which was puried on silica gel TLC (nhexane : ethyl acetate ¼
3 : 1) to give the title compound 17 (150.4 mg, 90%) as a yellow
green oil.

Yield 90% (150.4 mg); Rf ¼ 0.19 (nhexane : ethyl acetate ¼
4 : 1); 1H NMR (400 MHz, CDCl3) d 3.12 (s, 3H), 3.65 (d, J ¼
0.0 Hz, 1H), 3.85–3.91 (m, 1H), 4.59 (s, 2H), 6.90–6.96 (m, 2H),
7.36–7.40 (m, 5H), 7.42–7.44 (m, 1H); 13C NMR (100 MHz,
CDCl3) d 45.2, 52.0, 63.9, 112.0, 114.5, 121.9, 122.7, 125.5, 126.7,
127.8, 129.4, 149.8, 213.3; IR (neat) 3462, 2929, 1716, 1606, 1472,
1312, 1092, 1053, 937, 755 cm�1; HRMS (EI) calcd for
C17H16BrNO3 (M)+ 361.0314 found 361.0297.
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