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ABSTRACT

Indolylaryl and indolylheteroarylmaleimides, including bisindolylmaleimides, are easily prepared by the reaction of N-methylindole-3-glyoxylamide
with methyl aryl acetates in the presence of potassium tert- butoxide in THF.

Indolylarylmaleimides have valuable pharmacological prop-
erties.1,2 For example, indolylarylmaleimide derivatives,
particularly bisindolylmaleimides, are reported to be useful
in the control and prevention of cancer, central nervous
system disorders, Alzheimer’s disease, cardiovascular
diseases (thromboses, arteriosclerosis, hypertension), der-
matological diseases (allergies), inflammation, autoimmune
diseases (rheumatoid arthritis), diabetic complications, and
viral diseases. Furthermore, bisindolylmaleimide derivatives,
such as Ruboxistaurin (LY333531) mesylate (Arxxant),
Enzastaurin (LY317615), and Ro 31-7453, are in clinical
trials.3

Many derivatives of indolylmaleimide have been synthe-
sized and biologically evaluated.4 The natural bisindolyl-
maleimide arcyriarubin A is a potent inhibitor of protein

kinase C (IC50 ) 87 nm). Bisindolylmaleimides are also
useful intermediates in the synthesis of indolocarbazole
alkaloids including arcyriaflavins, staurosporine, rebecca-
mycin, and other indolocarbazoles that have important
biological activities such as anticancer and antiviral activity.5-7

Indolylmaleimides are also potent plant growth regulators.8

Recently, bisindolylmaleimides have found potential ap-
plication as light-emitting diodes.9 They have also been used
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in sensitization of nanocrystalline TiO2 films which could
be used for the development of photocatalysts immobilized
on surfaces.10 Thus, indolylarylmaleimides are undisputedly
a class of biologically active heterocyclic compounds of
immense importance and commercial potential.

Only a few methods are available in the literature for the
synthesis of indolylmaleimides. The most general method

involves the condensation of indole-3-acetamides with aryl
glyoxalates or indole-3-glyoxalates with aryl acetamides.11

Indole-3-acetamides are relatively expensive or can be
prepared from pricey indole-3-acetonitriles by basic hydroly-
sis using hydrogen peroxide and NaOH under phase-transfer
conditions.12 Indole-3-glyoxalates can be prepared either (i)
by the treatment of indoles with oxalyl chloride, followed
by sodium methoxide, or (ii) by refluxing indole-3-glyoxylic
acids in MeOH with a Dowex 50× 8100 ion-exchange resin.
The other method of synthesizing indolylmaleimides involves
the reaction of indolyl-3-glyoxylyl chlorides with arylacetic
acids and subsequent amination of the resulting maleic
anhydrides to afford maleimides.13 Although the amination
reaction to convert maleic anhydrides into maleimides is
usually high yielding, only modest yields (∼23-43%) were
obtained in the coupling reaction to prepare the required
indolylaryl maleic anhydrides. Methods that are specific for
the synthesis of bisindolylmaleimides are (i) the reaction of
indole Grignard reagents with dihalomaleimides,14 (ii) reac-
tion of indolyl-3-glyoxylyl chlorides with indole-3-acetimi-
dates,15 and (iii) iodine-promoted oxidative coupling of the
indole-3-acetic acid trianion or the methylindole-3-acetate
dianion.16 Although these procedures can be utilized to
prepare bisindolylmaleimides, in most cases, the yields are
low, the preparation of the starting materials is tedious, or
the chromatographic purification of the products is extremely
difficult due to the low solubility of maleimides in organic
solvents. Thus, there is a great need for a practical and
convenient preparation for a broad range of indolylarylma-
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ylindole-3-glyoxylamide (0.21 g, 1 mmol) and methyl phenylacetate (0.4
mL, 2.7 mmol) in THF (8 mL) at 0°C was slowly added potassiumtert-
butoxide (4 mL, 1 M inTHF, 4 mmol). The mixture was stirred for 15 h
allowing the mixture to warm slowly to room temperature. It was poured
into brine-water (100 mL, 1:1) and extracted with ethyl acetate (3× 50
mL). The organic phase was washed with brine (50 mL) and dried (Na2-
SO4). The solvent was evaporated, and the residue was recrystallized from
ethyl acetate to yield the desired product11 (0.26 g, 86%) as an orange
solid: mp 256-257°C; IR (thin film) 1756, 1697, 1615, 1592, 1510, 1329,
1243, 743 cm-1; 1H NMR (DMSO-d6) δ 11.08 (brs, 1H), 8.03 (s, 1H),
7.47 (d, 1H,J ) 7.9 Hz), 7.38-7.39 (m, 2H), 7.30-7.35 (m, 3H), 7.11 (t,
1H, J ) 7.6 Hz), 6.70 (t, 1H,J ) 7.7 Hz), 6.27 (d, 1H,J ) 7.9 Hz), 3.90
(s, 3H);13C NMR (DMSO-d6) δ 172.5, 172.3, 137.1, 134.8, 132.0, 130.6,
129.6, 128.6, 128.5, 128.1, 124.3, 122.1, 121.3, 120.0, 110.6, 103.1, 33.0;
LRMS (EI) m/z 302 (M+, 100%), 231, 149, 115; HRMS (EI) calcd for
C19H14N2O2 302.1055, found 302.1058.

Table 1. Examples of Indolylarylmaleimide Prepared

a All yields are those obtained after recrystallization.
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leimides that permits simpler reaction conditions, less
complicated steps, easier purification, and higher yields.

We now report a new method for the synthesis of
indolylarylmaleimides by the condensation ofN-methylin-
dole-3-glyoxylamide with the commercially available alkyl
aryl acetates. Thus,N-methylindole-3-glyoxylamide (3) was
easily prepared fromN-methylindole (1) by the treatment
of oxalyl chloride followed by aqueous ammonium hydroxide
(Scheme 1).

Our initial effort was focused on the synthesis of in-
dolylphenylmaleimide (11). After some unrewarding experi-
ments, it was found that the condensation ofN-methylindole-
3-glyoxylamide (3) with methyl phenylacetate (4) using
potassiumtert-butoxide in THF afforded the desired male-
imide 11 in 86% yield after the recrystallization from ethyl
acetate (Scheme 2).17

Having demonstrated the reaction to be successful for
methyl phenylacetate, we evaluated the reaction of other
methyl aryl acetates and heteroaryl acetates. The yields of
the indolylarylmaleimides are given in Table 1.

All the reactions, except for methyl thiophene-2-acetate
(8), were performed by addition of a 1 M solution of
potassiumtert-butoxide (4 equiv) in THF to a mixture of
N-methylindole-3-glyoxylamide and the appropriate methyl
aryl acetate (2.7 equiv) in THF at 0°C followed by slowly

warming to room temperature. For the synthesis of15, 3.3
equiv of methyl thiophene-2-acetate (8) was used. Reactions
using only 1 equiv of methyl aryl acetates afforded unreacted
glyoxylamide3, which was difficult to remove due to its
high insolubility and which complicated purification.

The results obtained demonstrate that this reaction is
successful with a variety of aryl and heteroaryl derivatives.
However, the reaction does not work well with the N-
unprotected indole-3-glyoxylamide. Work is in progress to
optimize the conditions and to explore the scope of this
methodology with unprotected indole-3-glyoxylamide.

In conclusion, we have developed a practical and con-
venient one-pot synthesis of indolylaryl and indolylhet-
eroarylmaleimides. The starting materials are either com-
mercially available or can be easily prepared. The desired
compounds are obtained in good yields without difficult
chromatographic separation.
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