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Letters
Synthesis of glycosyl-isoindigo derivatives
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Abstract—The synthesis of 1-(b-DD-glucopyranosyl)-isoindigo from commercially available indoline is described. The synthetic
pathway used allowed the substitution of the aromatic moiety by either electron donor or acceptor substituents.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

As part of our ongoing studies concerning the prepa-
ration of potential biologically active compounds, we
were interested in the synthesis of indigo€ıd derivatives.
These heterocycles (indigo, indirubin, isoindigo) are
derived from various natural sources and contain a bis-
indole framework (Scheme 1).

Indirubin is an active ingredient of Danggui Longhi
Wan, a traditional Chinese medicine recipe used in the
treatment of leukemias. The antitumoral properties of
indirubin and its analogues seem to be due to their
inhibitory potencies toward several kinases such as
GSK-3b and cyclin dependent kinases (CDKs).1 The
three-dimensional structure of CDK-2 in complex
with indirubin has shown that indirubin interacts
with the ATP-binding site of the kinase.2 Moreover,
5-nitro and 5-bromoindirubin were tested as kinase
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inhibitors (GSK-3b, CDK-1, CDK-5) and have
shown stronger activities than the parent indirubin.1 In
a previous paper, we have described the synthesis
of indolin-2-one derivatives, which were tested as
kinase inhibitors.3 3-Substituted indolin-2-one deriva-
tives were usually known as ATP competitive recep-
tor tyrosine kinase inhibitors such as VEGFR, FGFR,
and PDGFR4;5 (e.g., SU6668, SU11248). Recently,
SU9516, possessing an indolin-2-one framework was
described as an ATP competitive CDKs inhibitor6

(Scheme 2).

In this letter, the synthesis of isoindigo derivatives (in-
dirubin isomers possessing two indolin-2-one moieties)
bearing a sugar residue attached to one of the aromatic
nitrogens and diversely substituted on one of the aro-
matic rings is described. The presence of the glycosyl
moiety and the substitution on the aromatic ring should
improve the solubility of these heterocyclic compounds
NH

O

bin

N
H

O

H
N

O

Isoindigo

e-mail: pmoreau@chimie.univ-bpclermont.fr

mail to: pmoreau@chimie.univ-bpclermont.fr

mail to: pmoreau@chimie.univ-bpclermont.fr



NHR

(COCl)2

N
R

O

O
N

O

R1

AlCl3 APTS

N
R

O

R1
N

ONaOMe

N
R

O

R1
N

O

R1 = H, Me, Et

R = Glycosyl-OH or Glycosyl-OAc

Scheme 3.

N
H

O

N
H

N

MeO

N
H

O

N
H

COOH

N
H

O

N
H

N
H

F

O NEt2

SU9516 SU6668 SU11248
VEGFR-2 and PDGFR-β inhibitorVEGFR-2, PDGFR- β, FGFR-1 inhibitorCDK-2/cyclin A inhibitor

Scheme 2.

N
O

H
N

O

O

OAc
OAc

OAc

Natura 1-( β-D-O-triacetylxylopyranosyl)-isoindigo

Scheme 4.

4828 M. Sassatelli et al. / Tetrahedron Letters 45 (2004) 4827–4830
and/or enhance the interaction with the active site of the
target enzyme(s).

Recently, two patents7;8 described a method for the
preparation of glycosyl-isoindigo derivatives from N-
glycosylaniline (Scheme 3).

The isatine ring was first formed by cyclization of a N-
glycosylaniline derivative in the presence of oxalyl
chloride, this intermediate was coupled to an oxindole
derivative in an acidic medium. None of the described
compounds were substituted on the aromatic rings. The
most potent as CDKs inhibitor was the isoindigo
derivative called Natura (1-(b-DD-O-triacetylxylopyranos-
yl)-isoindigo) shown in Scheme 4.

These publications prompted us to publish our synthetic
pathway to prepare substituted glycosyl-isoindigos from
commercially available indolines (Scheme 5, 6).
2. Chemistry

Recently, we described the synthesis of the glycosyl-
isatine 13 in four steps from the corresponding commer-
cially available indoline3 (Scheme 5).
The glycosyl-indoline 4 was prepared by glycosylation
of indoline 1. The glycosylation step led to a single
isomer with a b-N-glycosydic bond; this configuration
was determined from 1H NMR spectrum by the mea-
surement of the coupling constant (J ¼ 8Hz) between
H10 and H20 . The corresponding indole 7 was obtained
by oxidation with DDQ. To synthesize compound 13,
the hydroxy groups of the intermediate 7 were first
protected before oxidation with chromium oxide. The
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syntheses of glycosyl-isatin derivatives substituted on
the aromatic ring either by electron donor or acceptor
substituents 14–15 were achieved using the same
approach (Scheme 5, Table 1).

The indoline 2 (starting material for the synthesis of 14)
was prepared in 81% yield from the corresponding N-
acetyl analogue by basic hydrolysis. The first two steps
were more difficult with electron acceptor susbtituents.
Indeed, the glycosylation step was performed in 24 h
with compounds 1–2 and 6 days for compound 3 bearing
a nitro group in the 5 position. The aromatization step
using DDQ was carried at room temperature during
12 h for 4–5 and at 50 �C during 72 h for 6.

To obtain the corresponding glycosyl-isoindigo deriva-
tives, compounds 13–15 were treated in an acidic med-
ium9;10 in the presence of oxindole. Deprotection of the
hydroxy groups of the glycosyl moiety was performed
by reaction of derivatives 16–18 with boron tribromide
to give compounds 19–21 (Scheme 6, Table 1).11–15

Surprisingly, in contrast with derivatives 4–15, the 1H
NMR signal of H10 for compounds with an isoindigo
moiety 16–21 is not a doublet but appeared as a broad
signal suggesting that the conformation of the sugar
moiety could be different. Molecular modeling experi-
ments are in progress to determine the conformation of
the carbohydrate in our glycosyl-isoindigo derivatives.

In conclusion, we have described the preparation of
diversely substituted 1-(b-DD-glucopyranosyl)-isoindigos.
The synthesis described here allows the substitution of
the aromatic rings by either electron donor or acceptor



Table 1. Chemical yields for the synthesis of compounds 4–21

Compounds Yields (%)

4 95

5 66

6 80

7 74

8 88

9 65

10 78

11 82

12 64

13 62

14 49

15 66

16 40

17 40

18 25a

19 60

20 59

21 18a

aChemical yield not optimized.
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substituents what was not clearly established in the
synthetic pathway described in the patents.7;8 The bio-
logical properties of these compounds are currently
under investigation.
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