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Bartoli indole synthesis has been performed for the first time on solid supports. Starting from Merrifield resin, immobilization of five nitro
benzoic acids was performed. Addition of four different alkenyl Grignard reagents and basic cleavage leads to substituted methyl indole
carboxylates in excellent purities. Features of this reaction are the stability of halide groups, ester moieties, and tolerance of 0,0’-unsubstituted
nitro resins. Heck and Sonogashira reactions are also possible with immobilized indoles.

The indole (fromindigo and oleun) moiety is one of the mushrooms, the tranquillizer reserpfhand the melanin
most common heterocyclic structures found both in nature pigment8 are a few of the compounds that have been studied.
and in biologically active compoundsThe essential amino Some indole alkaloids exert considerable pharmacological
acid tryptophani the plant growth hormone heteroauXiand activity, but quite different effects may be obtained even from
several groups of important alkaloids are indole derivatives. alkaloids of one genus.

It was shown that 3-methylindole (skatole) is produced with  Therefore, indoles are a promising class of potentially
indole during pancreatic digestion or putrefactive decomposi- useful pharmacologically active compounds and their syn-
tion of proteins, and hence both are found in the intestines thesis in liquid phase and on solid supp¥tss found wide-
and feces. Interest has centered on medicinal and biochemicaspread application in organic chemistry. The most important
aspects of indole chemistry. Serotohimvhich has been  examples are the reactions according to Fis¢hBischler—
identified as a metabolite in neurochemistry, the psychoto- M6hlau!? Martinet!® Hinsberg (oxindoles)? Reisserf®
mimetic indoles psilocih and psilocybif isolated from Nenitzescd?® Madelung-Tyson (cyclization ofN-acyl-o-

T University of Bonn. (6) Gathergood, N.; Scammells, SaliGaiait 2003 5, 921-923.
* University of Karlsruhe. (7) Nichols, D. E.; Frescas is1999 6. 935-938.
(1) (a) Sundberg, R. Xhe Chemistry of Indoleg\cademic Press: New (8) Mehta, G.; Reddy, D. .1P9§ 14,

York, 1970. (b) Sundberg, R. J. Pvrroles and Their Benzoderivatives: 2125-2126.
Synthesis and Application_c Chemistry (9) De Marco, F.; Perluigi, M.; Marcante, M. L.; Coccia, R.; Foppoli,
Katritzky, A. R., Rees, C. W., Eds.; Pergamon: Oxford, 1984; Vol. 4, pp C.; Blarzino, C.; Rosei, M. AlEEENo002 64, 1503-1512.

313-376 . (c) Sundberg, R. J. Best Synthetic Methods, Indolégademic (10) Brése, S.; Gil, C.; Knepper, i uiiay 002 10, 229
Press: New York, 1996; pp-711. 245,
(2) Sandyk, R jiinseiitaigasi 1992 67, 127. (11) Fischer, E.; Jourdan, ([ 3383 16, 2241
(3) Armstrong, W. D.; Liu, Y.-S.; He, L.; Ekborg-Ott, K. HiAgdLe 2245,
BeasaEhai 2002 473-476. (12) Bischler, A.sissmibauibifi 25 2860.
(4) Breitmaier, EAlkaloide Teubner Studieniminer Chemie: Stuttgart, (13) Guyot, A.; Martinet, Jaaikiagd1913 156, 1625.
1997; pp 116-129. (14) Hinsberg, OChem. Ber1988 21, 110.
(5) Kikuchi, C.; Nagaso, H.; Hiranuma, T.; Koyama, iskiSSisiaim (15) Reissert, AghaitaRgr 1897 30, 1030.
1999 42, 533-535. (16) Nenitzescu, C. DBull. Soc. Chim. Romania929 11, 37.

10.1021/0l034851y CCC: $25.00  © 2003 American Chemical Society
Published on Web 07/04/2003


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol034851y&iName=master.img-000.jpg&w=191&h=70

toluidines)!” Gassman (fronN-halo anilines) Leimgru-
ber—Batcho (fromo-nitrotoluenes and dimethylformamide
acetals)? Baccolini (reaction by PN fission of diazaphos-
pholes)®and Bartoli?* as well as, e.g., Palladium-catalyzed
alkynylation reactions and many othé&f¢3The solid-phase
synthesis of indolé$and indolines, however, mainly focuses

second equivalent attacks the arene core, presumably via an
electrocyclic reaction. Common side products are reduction
products such as anilines and azo and azoxy compounds.
In this manuscript, we disclose the first solid-phase Bartoli
reaction. A simple ester was chosen as the linker to
investigate whether a fragile anchor might be suitable in

on two different approaches, namely, the palladium-catalyzed principle. Moreover, this linker is selectively cleavable under

approache® and the Fischer indole synthesfsSome other

basic conditiong! Other linkers might work even better.

examples have also been reported such as the reaction o§imple polystyrene resin (Merrifield-type) was selected as

supported aniline¥, reactions using selenenyl reagettter
the Nenitzescu reaction on solid suppéfts.
We were intrigued by the possibility of generating indoles

on solid supports using the seldom-used Bartoli reaction since

this reaction is particularly suitable for the synthesis of
7-substituted indole¥.In 1989, Bartoli et al. discovered that
the reaction of 3 equiv of vinylmagnesium bromide with
2-substituted nitro arenes resulted in the formation of an in-
dole moiety. With fewer equivalents of the Grignard reagent
or by reaction ob,0'-unsubstituted nitro arenes, only traces
of the indoles were isolated, if at all. The reaction mechanism
is established, however, not in all details. While 1 equiv of
the Grignard reduces the nitro group to a nitroso group, the
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51, 5106-5110. (b) Clark, R. D.; Repke, D. Figaiataadaas1984 22,
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an economical organic support.

Five different nitro benzoic acid23? were immobilized
on Merrifield resin (chloromethylated polystyrehel—2%
cross-linked¥® under standard conditions using cesium
carbonate as a ba%kThe loadings were determined by
elemental analysis and by cleavage with sodium methylate
in methanol/THF.

The Bartoli reactions were performed on resBes-e
(1 g scale) at-40 °C in THF with four different alkenyl
Grignard reagent$—7.%5 During the reaction, a color change
into deep red was observed. Extension to allylmagnesium
bromide failed at this point with all resins; only the reduced

aniline derivatives were isolated after the cleavage.

Subsequently, the resins were washed with different polar
and unpolar solvents (see Supporting Information).

The cleavage yielding the indolé2—15 was carried out
with 30% sodium methylate in methari§lMost methyl
indolecarboxylates were obtained in puritre80% without
purification as judged by integration of the GC't NMR
signals. The only exceptions are the reactions ofdjoe
unsubstituted nitroarene resBa with propenyl Grignard
reagentss and 6 (entries 2, 3). In this case, the reduced
aniline derivatives were the main products. In general,
1-methylprop-1-enylmagnesium bromidé) {vas the most
efficient Grignard reagent.

Three features are remarkable for this overall transforma-
tion. First, in contrast to the literature precedence in liquid
phase,0,0'-unsubstituted nitro arenes proved to be good
substrates for the Bartoli reaction on solid support using
certain Grignard reagents. The reduction to the corresponding
anilines was only observed to a minor extent. The reductive
coupling of the nitro arenes to form azo or azoxy benzenes
was not detected at all. Second, the ester linker is compatible
with the Grignard reagents used. A partial cleavage of the
resin during the Bartoli reaction can be observed{(20%
as judged by elemental analysis, see Supporting Information)
explaining the diminished yields. Onlyrtho-nitro benzoic

(31) Dahmen, S.; Bse, S. InHandbook of Combinatorial Chemistry
Nicolaou, K. C., Hanko, R. Hartwig, W., Eds.; VCH: Weinheim, 2002;
Chapter 4.

(32) ortho-Nitro benzoic esters failed to give indoles due to premature
cleavage from the solid support.

(33) Merrifield resin (0.93 mmol/g) was obtained from Polymer Labo-
ratories (UK).

(34) All new nonpolymeric compounds were characterized by NMR, IR,
MS, and HRMS. The purity was determined using GC, GC-MS, and NMR
techniques. Polymeric compounds were characterized using IR and elemental
analysis (CHN) (see Supporting Information).

(35) Grignard reagents are commercially available from Aldrich.

(36) Cleavage was quantitative as judged by elemental analysis of the
remaining resin.
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Table 1. Methyl Indolecarboxylates Prepared

nitro
arene
resin

grignard
reagent

yield
(%)

purity

indole )

entry

3a

3a 284

3a 32

3a 88

3b 94

3b 84

3b 98

3b 96 37

By
3¢ g

3¢

81

3¢

90

3c

3d 80

3d

81

3d 20

3d 97

apurity of the crude material as determined by GC andtdbmNMR.
blsolated yield of purified material over three steps based on the loading
of the Merrifield resin used (see Supporting Informatidriylain products
are the reduced aniline$Combined yields of products.

Scheme 1. Attachment of Nitro Benzoic Acids to Merrifield

Resin
T
\ NO;
c O“OJ\A/L
Q" -
s CHoClo, 24 h
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o} o} o}
QY 9 0\0*@
NO, NO,
NOg Me
3a 3b

esters failed to give indoles due to premature cleavage from
the solid support. Finally, this reaction can also be conducted
on halogen-substituted nitro arenes, which typically undergo
nucleophilic substitution if the halide is fluoride or chloritle.

To demonstrate an application of halogen-substituted
indoles, both a Heck and a Suzuki reaction were performed
on solid supportg® As a result, reaction of the resitile
prepared from resiBeand Grignard reagefit with 1-octene
under improved Heck conditions (Pd(OAcPPh, NEts,
DMF, 24 h, 105°C) provided after cleavage the alkenylated
indoles15f,g as a mixture of the two regio isomer&f{1-
octenyl and 2-octeny#}®in a 1:1 ratio in good overall purities
(together 96%) and 18% overall yield. Similarly, the Suzuki
reaction of the resiilewith 4-t-butyl phenylboronic acid
yielded the aryl-substituted resirih. Cleavage yielded the
indole 15h in 88% purity and 15% overall yield (Scheme
3).

Scheme 2. Bartoli Reactions on a Solid Support
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2
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Scheme 3. Heck and Suzuki Reaction on a Bartoli Product

o]

11e

MeO
25°C,2h

Qo 3

Br H

a) Heck reaction:
1-Octene, Pd(OAc)s,
FPhg, NEt;, DMF, 24 h

b) Suzuki reaction:
p-1BuCgH4B(OH),,
Pd(PPhy)s, Na,CO3,
H-O/DMF, 24 h

R H

15i-h

]

o N
N

R H
11f,9: R = 1(2)-Octenyl
11h: R = 4-1-BuCgHy

In conclusion, the first solid-phase synthesis of indoles

The presented work substantially extends the chemical
transformations to be carried out on solid supports to give
indoles in which three substituents can be varied.
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