This article was downloaded by: [Michigan State University]

On: 23 February 2015, At: 19:46

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Synthesis of Indoles from
N-Substituted Anilines
and Triethanolamine by a
Homogeneous Ruthenium
Catalyst

S.C.Shim?,Y.Z.Youn?®,D. Y. Lee®, T. J. Kim 2,
C.S.Cho?, S. Uemura ® & Y. Watanabe ?

& Department of Industrial Chemistry , College of
Engineering, Kyungpook National University , Taegu,
702-701, Korea

® Division of Energy and Hydrocarbon Chemistry,
Faculty of Engineering , Kyoto University , Kyoto,
606-01, Japan

Published online: 15 Aug 2006.

To cite this article: S. C. Shim, Y. Z. Youn , D. Y. Lee, T. J. Kim, C. S. Cho , S.
Uemura & Y. Watanabe (1996) Synthesis of Indoles from N-Substituted Anilines and
Triethanolamine by a Homogeneous Ruthenium Catalyst, Synthetic Communications:
An International Journal for Rapid Communication of Synthetic Organic Chemistry,
26:7, 1349-1353, DOI: 10.1080/00397919608003495

To link to this article: http://dx.doi.org/10.1080/00397919608003495

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919608003495
http://dx.doi.org/10.1080/00397919608003495

Downloaded by [Michigan State University] at 19:46 23 February 2015

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Michigan State University] at 19:46 23 February 2015

SYNTHETIC COMMUNICATIONS, 26(7), 1349-1353 (1996)

SYNTHESIS OF INDOLES FROM N-SUBSTITUTED ANILINES AND
TRIETHANOLAMINE BY A HOMOGENEOUS RUTHENIUM
CATALYST
S.C. Shiny,* Y.Z. Youn, D.Y. Lee and T.J. Kim

Department of Industrial Chemistry, College of Engineering, Kyungpook
National University, Taegu 702-701, Korea

C.S. Cho, S, Uemura and Y. Watanabe
Division of Energy and Hydrocarbon Chemistry, Faculty of Engineering, Kyoto
University, Kyoto 606-01, Japan

ABSTRACT: N-substituted anilines react with triethanolamine in the presence of
a catalytic amount of a homogencous ruthenium catalyst to give the
corresponding 1-substituted indoles in good yields.

The chemistry of indoles has been widely investigated from both an industrial
point of view and a physiological activity. The Fischer indole synthesis is the
most commonly used route and has been extensively reviewed.!  Bischler
synthesis’ and Madelung synthesis® are also popular routes to the indole synthesis.
However, these precedents are restricted to the particular substrates, which are not
easily accessible. The simplest way to build up an indole skeleton might be an
intermolecular reaction between N-substituted anilines and C,-fragments such as
acetaldehyde,* ethylene glycol,” and ethylene oxide.® However, all these

reactions were carried out over heterogeneous catalyst under very severe reaction

*To whom correspondence should be addressed.

1349

Copyright © 1996 by Marcel Dekker, Inc.



Downloaded by [Michigan State University] at 19:46 23 February 2015

1350 SHIM ET AL.

conditions and in some cases yiclds were not so satisfactory. Recently, one of
us reported on the facile synthesis of indoles from N-substituted anilines and
ethylene glycols by introducing a homogeneous ruthenium catalyst.” We here
report the first synthesis of indoles from AN-substituted anilines and

triethanolamine as a new C,-fragment by the ruthenium catalyst.
cat. RuCl,(PPh;), OQ
+ N(CH,CH,O :
D IL (CLCLOM: - ame, 180°C, 5h

Treatment of N-methylaniline (50 mmol) with tricthanolamine (5 mmol) in

dioxane in the presence of a catalytic amount of tris(triphenylphosphine)-
ruthenium(II) chloride [RuCl,(PPh,),, 2 mol % based on the amine] at 180 °C for
5 h afforded 1-methylindole in 78% yield (Table). The yield of 1-methytindole
was considerably affected by the molar ratio of N-methylaniline to
triethanolamine. The highest yield was optimized at a molar ratio of 10.0. The
reaction also proceeded using primary- or secondary ethanolamines in place of
triethanolamine, but the product yield was generally lower (runs 2 and 3). On the
other hand, the reaction using N-benzyldiethanolamine showed nearly the same
yield of 1-methylindole as triethanolamine (run 4). The reaction could also be
applied to many N-substituted anilines such as N-ethyl-, N-n-propyl-, N-n-butyl-,
N-benzyl-, and N-phenylanilines, the yields of the corresponding N-alkylindoles
being always good (runs 6-10). Typical results are summarized in Table.
However, treatment of aniline with triethanolamine under the conditions
described so far resulted in only a trace amount of 1-methylindole together with
the formation of many unidentified compounds.

Although the details of the reaction scheme are not certain, we presume the

formation of 2-(N-alkyl-N-phenylamino)ethanol obtained from an intermolecular
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Table

run anilines amines isolated yield (%)
1 N-methylaniline triethanolamine 78
2 N-methylaniline diethanolamine 29
3 N-methylaniline ethanolamine 13
4  N-methylaniline N-benzyldiethanolamine 70
5  N-methylaniline N-dibenzylethanolamine 19
6  N-cthylaniline triethanolamine 76
7  N-n-propylaniline triethanolamine 75
8 N-n-butylaniline trichanolamine 70
9 N-benzylaniline triethanolamine 71

10 N-phenylaniline tricthanolamine 63

alkyl group transfer between N-substituted aniline and triethanolamine. The
detailed mechanism of this reaction and application of other alkanolamines for

synthetic utility are in progress.

EXPERIMENTAL

General procedure for the synthesis of indoles: A mixture of N-substituted
aniline (50 mmol), tricthanolamine (0.746g, 5 mmol), and RuCL,(PPh,), (0.096g,
0.1 mmol) in a stainless steel autoclave was stirred magnetically in dioxane (10
mL) at 180 °C for 5 h under argon atmosphere. The reaction mixture was filtered
and evaporated under reduced pressure. To the residual oily material was added
100 mL of diethyl ether and washed three times with 50 mL of aqueous 5% HCI
solution to remove excess N-alkylaniline. The organic phase was separated and

dried over anhydrous MgSO,. Removal of the solvent under reduced pressure
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left an oil which was separated by TLC using ethyl acetate/hexane (1/30) mixture
as an eluent to give the indoles.

1-Methylindole: 78% yield; 'H NMR (300 MHz, CDCl,)3 3.79 (s, 3H),
6.50-7.60 (m, 6H); °C NMR (75.5 MHz, CDCl,) § 32.7, 100.6, 119.1, 120.7,
121.4, 128.4, 128.6, 136.6; Ms m/z (relative intensity) 131 (M+, 92,5), 130 (100),
129 (76), 128 (4), 103 (14), 102 (14).

1-Ethylindole: 76% yield; '"H NMR (60 MHz, CCL,) § 1.4 (t, J = 7 Hz, 3H),
4.1(q,J = 7 Hz, 2H), 6.4-7.7 (m, 6H); *C NMR (75.5 MHz, CDCl,) & 15.3, 40.7,
100.9,109.2, 119.1, 120.9, 121.2, 126.8, 128.6, 135.6,

1-n-propylindole: 75% yield; 'H NMR (60 MHz, CCl,) § 0.8 (t, J = 7 Hz,
3H), 1.5-1.9 (m, 2H), 3.9 (t, J = 7H, 2H), 6.4-7.7 (m, 6H); *C NMR (75.5 MHz,
CDCl,) 611.3,23.3,47.7,100.7, 109.3, 119.0, 120.8, 121.1, 127.6, 128.5, 135.9.

1-n-butylindole: 70% yield; 'H NMR (60 MHz, CCL,) 8 0.9 (t, J = 7 Hz, 3H),
1.0-1.4 (m, 2H), 1.6-1.9 (m, 2H), 4.0 (t, J = 7 Hz, 2H), 6.4-7.1 (m, 11H); "*C
NMR (75.5 MHz, CDCl,) 6 13.6, 20.1, 32.2, 45.9, 100.8, 109.3, 119.0, 120.8,
121.2, 127.6, 128.5, 135.9.

1-phenylindole: 63% yield; '"H NMR (60 MHz, CCl,) 8 6.5-7.5 (m, 11H).

1-benzylindole: 71% yield; '"H NMR (60 MHz, CCl,) & 4.7 (s, 2H), 6.0-7.1
(m, 11H); PC NMR (75.5 MHz, CDCl,) § 54.3, 101.7, 109.6, 119.5, 120.9, 121.6,
126.8, 127.6, 128.2.
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