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Novel catalytic synthesis of 6,7-dimethoxyisatin with the use of heteropolyacids

(HPAs) as acid solid catalyst
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An efficient method for the preparation of 6,7-dimethoxyisatin and its derivatives was developed with good

yield by using Preyssler-type heteropolyacid (HPA) as acid catalyst under green conditions. The comparison

between Keggin type heteropolyacids, H
3
[PW

12
O

40
], H

4
[SiW

12
O

40
] and H

4
[SiMo

12
O

40
], H

3
[PMo

12
O

40
] and

mineral acids with Preyssler's anion shows that the latter possess better catalytical activity than the other

heteropolyacids and no  degradation of the structure was observed.
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INTRODUCTION

The problems associated with handling and disposal of

inorganic acids, and their environmental and potential

hazards have raised our interest in the development of

alternative procedures using solid acid catalysts
1
. Due to

their super-acidic properties, heteropolyacids, HPAs, can

be used in the reactions requiring electrophilic catalysis.

Heteropolyacids (HPAs) are applied both in bulk or sup-

ported forms, with homogeneous and heterogeneous ca-

talysis being possible. Heteroplyacids (HPAs) have many

advantages that make them environmentally attractive in

the academic, industrial and economical signification.

These are useful acids and oxidation catalysts in various

reactions since their catalytic features can be varied at a

molecular level2. Among them, the Keggin-type, HPAs

have long been known to be good catalysts for oxidation

reactions3. They exhibit great advantages: for example,

their catalytic properties can be tuned by changing the

identity of the charge-compensating counter cations,

heteroatoms and framework metal atoms3. Isatins (1H-

indole-2, 3-dione), synthetically versatile substrates, can

be used for the synthesis of a large variety of heterocyclic

compounds, such as indoles and quinolines, and as raw

material for drug synthesis. Isatins have also been found

in mammalian tissue and their function as a modulator of

biochemical processes has been the subject of several

discussions.

The advances in the use of isatins for organic synthesis

during the last twenty-five years, as well as a survey of

their  biological and pharmacological properties are re-

ported in this review and in the accompanying supple-

mentary information. Isatin (1H-indole-2, 3-dione,

Figure 1) was first obtained by Erdman and Laurent in

1841 as a product from the oxidation of indigo by nitric

and chromic acids. The synthetic versatility of isatin has

led to the extensive use of this compound in organic syn-

thesis.

Isatin (2, 3-dioxindole) is an endogenous compound

with a long history and a wide range of pharmacological

effects. Isatins are synthetically versatile substrates. They

can be used for the synthesis of a large variety of

heterocyclic compounds such as indoles and quinolines.

They also display diverse pharmacological activities4.  In

nature, isatin and its derivatives were found in various

plants5, 6. Therefore, the synthesis of isatins is of great

importance and interest. In  literature4 there were some

reports about synthesizing of isatins.  The three methods

of synthesizing 6, 7-dimethoxyisatin 3 from 2, 3-

dimethoxyaniline are as follows: I) Stolle procedure:

Aniline reacted with oxalyl chloride only gave  product 3

with a very poor yield5. II) Sandmeyer methodology: it is

the oldest and the most frequently used method for the

synthesis of isatins7. III) Martinet procedure: condensa-

tion of aniline and diethylketomalonate gave mainly

oxindole, which was treated with sodium hydroxide solu-

tion and oxygen to give isatin 3 8. The first step in this

method, also gave other two by-products. Also, aniline

was treated with chloral hydrate to give isatin 2 in poor

yield. There are two other methods of synthesizing 3 from

the same substance4 nitroveratraldehyde8.

But these methods were both more complex and with

poor yields.

EXPERIMENTAL SECTION

Materials & Instruments

All chemical compounds were purchased commercially.

IR spectra were obtained on a Buck 500 scientific

spectrometer. Melting points were uncorrected. The
1H NMR spectra in CDCl

3
 with TMS as the internal standardFigure 1. Isatin (1H-indole-2, 3-dione)
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were recorded on a FT NMR Bruker 100 MHz Aspect

3000 spectrometer.

Preparation of supported Preyssler catalyst
H14[NaP5W29MoO110]

This catalyst is provided in accordance with the litera-

ture9.

General procedure, Synthesis of 2-nitro-3, 4-dimethoxy
mandelonitrile (2) and its derivatives:

2-nitroveratraldehyde or other aldehydes (10 mmol) was

added to the solution of NaHSO
3
 (11 mmol) and water

(12 mL), then the mixture was heated to 50°C, when

2-nitroveratraldehyde was dissolved; it was cooled to 0°C

by ice bath, the solution of KCN (20 mmol) and water (5

mL) was added dropwise, and stirred for 2 hours at 0oC.

Then, heteropolyacids catalysts (0.06 mmol) was added

to the reaction mixture and then, stirred for 2 hrs at 0°C

(ice bath) again. The progress of the reaction was moni-

tored by TLC. After the completion of the reaction, the

mixture was filtered to separate the catalyst, and was ex-

tracted with diethyl ether. The extract was washed with

water and then dried (MgSO
4
).

The solvent was evaporated and the residue was puri-

fied by recrystalization from CHCl
3
 and white crystals 2

was obtained.

Synthesis of 6, 7-dimethoxyisatin (3) and its deriva-

tives (4-9):

A solution of 2-nitro-3, 4-dimethoxy mandelonitrile (3

mmol) and glacial acetic acid (5 mL), was treated with

heteropolyacids catalysts (0.06 mmol). The mixture was

heated to 50°C and then stirred for 2 hours. NaBH
4
 (20

mg, 2 mmol, 1 equiv) was added and the mixture was

stirred for  additional 30 minutes. The progress of the

reaction was monitored by TLC. After the completion of

the reaction, the mixture was filtered to separate the cata-

lyst, then, the mixture was diluted with water (8 mL). The

orange solution was extracted with chloroform and the

extract was washed with water and then dried (MgSO
4
).

The solvent was evaporated, leaving the yellow solid of

isatin.  Recrystallization was carried out with toluene and

gave yellow crystals 3.

RESULTS AND DISCUSSION

We reported our researches about the synthesis of isatins

compounds and therefore using heteropolyacids catalysts

and 2-nitro-3, 4-dimethoxy mandelonitrile 2 under the

mild conditions (Scheme 1).

For the  preparation of 6, 7-dimethoxyisatin 3, 2-nitro-

3, 4-dimethoxy mandelonitrile 2, acetic acid and H
14

[NaP
5
W

29
MoO

110
], or various heteropolyacids as the cata-

lyst are used. The results were compared with the yields

of other catalysts types (Table 2). The results for the

products in withdrawing groups have lower yields than the

products of donating electron groups (Table 1, entries 6

– 8, 3). With the use of H
14

 [NaP
5
W

29
MoO

110
] as the

catalyst in the synthesis of isatin derivatives, the high

yields 96% and 93% for products 2 and 3 were obtained

(Table 1, entries 1, 2).

When, H
3
PMo

12
O

40
 was used in the reaction, the yields

for 2 and 3 were 86% and 90%, but the yields were lower

when using  HCl, H
2
SO

4
 and HY-Zeolite (Table 2, entries

5 – 7).

The yields of the products 1, 2 were good by using other

heteropolyacids (Table 2, entries 1 – 4).

The physical data for compounds (2 – 9) such as
1
H NMR, IR, and melting points were shown in Table 3.

Scheme 1. Synthesis of isatin compounds

Table 1.  The yields of products (2 – 9) using

H
14

[NaP
5
W

29
MoO

110
]

Conclusion

In conclusion, we obtained a good method for the syn-

thesis of Isatins, under mild, clean, green conditions.

Heteropolyacids (HPAs) are solid acid and super acids;

they were used as acid and oxidative catalysts in this syn-

thesis. Heteropolyacids are recycled and reused in the

Table 2. The yields of products 2 and 3 using different

catalysts
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reaction very easily and without the loss of the catalytic

activities. These catalysts are involved with organic com-

pounds in the reaction mixture and filtered very easily;

they are non-corrosive, non-poisonous, inexpensive, eco-

friendly and environment friendly.
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