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LITHIATION ROUTES TO OXINDOLES AND 2-INDOLINETHIONES:
PRECURSORS TO 22-DITHIOBISINDOLES WITH TYROSINE
KINASE INHIBITORY PROPERTIES*

Gordon W. Rewcastle” and William A. Denny

Cancer Research Laboratory, University of Auckland, School of Medicine,
Private Bag 92019, Auckland, New Zealand

Abstract- N-Substituted oxindoles and 2-indolinethiones can be prepared by
lithiation of carboxyl protected N,2-dimethylanilines followed by quenching with
CO, or CS, respectively. 2-Indolinethione derivatives are also available via
demethylation of 2-methylthicindoles, which are prepared by lithiation of

N-substituted indoles and treatment with dimethyl disulfide.

As a continnation of our research into 2,2’-dithiobisindoles as tyrosine kinase inhibitors,! we Tequired a variety
of substituted 3-carboxamide derivatives (3). The simplest route to these compounds was found to be via con-
densation of an N-substituted 2-indolinethione (1) and an isocyanate, with facile oxidation of the initial thione

products (2) giving rise to the desired disulfides (Scheme 1).2
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2-Indolinethiones (1) are readily available by thiation of the analogous oxindoles,' so the main synthetic work

involved the preparation of these latter compounds. However, although there are a number of general routes

*This paper is dedicated to Professor Alan Katritzky on the occasion of his 65th birthday.
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available for the synthesis of N-unsubstituted oxindoles,* the synthesis of N-alkyl derivatives is less clear-cut,
with none of the available methods being able to produce all possible ring-substituted derivatives isomerically
pure. Thus, for example, the AlCl;-catalyzed ring-closure of N-alkyl-a-haloacetanilides (Stollé synthesis)
involves ring-closure onto the orfho position of N-alkylaniline derivatives,>® giving rise to mixtures with
meta-substituted anilines where two ortho positions are available. In addition, both dealkylation of alkoxy
groups,’ and isomerization of alkyl substituents,® can occur under the strongly acidic reaction conditions. To
avoid all of these problems we turned our attention to lithiation routes, since we were aware that
N-unsubstituted oxindoles had been synthesized via lithiation of N-(tert-butoxycarbonyl)-2-alkylanilines,’ and
that N-methylindoles had been prepared via lithiation of N-carboxyl derivatives of N,2-dimethylanilines.'® We
now report that a combination of these two methods successfully gives the desired N-substituted oxindoles in
good yields. Thus, by using the carbon dioxide protection procedure,!® a variety of N-alkyl-2-methylaniline
derivatives (4) could be lithiated on the 2-methyl group, and successfully converted to the analogous oxindoles

(6) after quenching with carbon dioxide and treatment with aqueous acid (Scheme 2).1!
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The lithiation method is not compatible with a meta-chloro group, where ring lithiation followed by benzyne
formation represents a probable degradative pathway, although it can be extended to N-unsubstituted anilines,
provided that terr-Buli is used in the second lithiation step.1? In the case of 2-phenylsulfonylmethylaniline (7)

no nitrogen protection was necessary, due to the anion stabilizing properties of the sulfonyl group (Scheme 3).
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The oxindoles prepared by these routes are shown in Table 1. The substituted N-methylanilines required for the
synthesis of the N-methyloxindoles were normally prepared from the appropriate N-(1-H-benzotriazol-1-yl-

methyl)anilines'? by NaBH, reduction,!®!4 although in certain cases alternative procedures were necessary.'’

Table 1. Oxindoles prepared by methods of Schemes 2 and 3.1¢

Compound R R’ % Yield Compound R R’ % Yield
6a CH, H 55 6b  (CH,),N(CH;), H 43
6¢ CH, 4-CH; 58 6d CH; 5-CH;, 48
6e CH, 6-CH; 42 of CH; 7-CH; 42
6g CH;  4-OCH, 45 6h CH; 5-OCH,4 36
6i CH, 6-OCH, 9 6j CH, 7-OCH, 38
6k CH; 5-Cl 41 9 H H 56

Protection of the nitrogen atom was also not necessary with 2-methylamino-3-methylpyridine (10) and
4-methylamino-3-methylpyridine (11), and both of these compounds were able to be converted directly to the
analogous azaoxindoles (14) and (15) via C,N-dianion intermediates (12) and (13) (Scheme 4).!7 The two
pyridylamines (10) and (11) are known to form resonance stabilized monoanions where the lone pair electrons
of the exocyclic nitrogen are oriented towards the adjacent methyl group,'® and these conformations would
favour directed metalation of the alkyl group. 2-Methylamino-3-phenylthiomethylpyridine has previously been
converted to the 3-phenylthio derivative of compound (14) by a similar prc)cedunt:,19 but the present work

represents the first use of unsubstituted 3-alkyl substituents,
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The majority of the oxindoles prepared were able to be converted to the analogous 2-indolinethiones (1), but
in certain cases direct thiation could not be achieved, so we investigated the direct synthesis of the desired
2-indolinethiones by use of CS, as the quenching reagent in the original lithiation procedure. However the
results were not as straightforward as for the analogous CO, quench, and although the desired
1-methyl-2-indolinethione {(1a) was obtained from N,2-dimethylaniline (Scheme 5), it was accompanied by a
minor product that was identified as 1,2-dithiolo-8-methyl[3,4-blindole-3-thione (17a).2% This compound has
been prepared previously by condensation of la with CS, in the presence of NaH.2! Interestingly, in the case of
the N-(2-dimethylaminoethyl) derivative (16b) only starting material and the tricyclic derivative (17b) could be
isolated. 2

Scheme 5
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Although compound (17a) was previously prepared from the indolinethione (la),2! it is probable that a
different mechanism is operating in the present case. Thus, deprotonation of the initial intermediate (16), by
reaction with anion (5), would give the resonance stabilized anion (18), which would then form the thioactd
(19) following addition of a second equivalent of CS; and acid-catalyzed ring-closure. In situ oxidation would
then lead to the isolated tricyclic derivatives (17) (Scheme 6). The isolation from these reactions of appreciable

quantities of unreacted amine (4), resulting from the protonation of 5, supports this interpretation.
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However despite the fact that the lithiation and CS, quenching procedure failed to proceed cleanly to a single
product, it was still possible to use the method synthetically to produce, albeit in low yield, a disulfide
derivative (22) from 20 (Scheme 7), as a result of in situ oxidation of the initially formed 2-indolinethione

2n.s

Scheme 7
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(Ar = p-C;H,CHy)
An alternative approach to N-unsubstituted 3-carboxamido disulfides (25) involved the lithiation of 1-phenyl-
sulfonylindole-3-carboxamide derivatives (23).2% Quenching of the dianionic intermediates with dimethyl
disulfide gave the 2-methylthio derivatives (24)2° which were able to be demethylated using methanethiolate

ion in DMA,?6 and subsequently oxidized in situ to give the desired disulfides (25) (Scheme 8).

Scheme 8
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Although tertiary derivatives of 1-phenylsulfonylindole-3-carboxamides have been previously lithiated and
derivatized,?” the present work represents the first example where secondary carboxamide derivatives have

been utilized.

In summary, lithiation procedures have provided new routes to 2-indolinethiones and their oxindole precursors.
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