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The Fischer indole synthesis using polymer-bound hydra-
zines is employed as the key step for the development of a
traceless indole synthesis on a solid support.

The combinatorial synthesis of small-molecule collections on
polymeric supports is a powerful method for the discovery and
development of new molecules with a predetermined profile of
properties, in particular for subsequent application in chemical
biology investigations and pharmaceutical research. Vital to
success in this area is the development of synthetic methods that
make the desired compounds available in an efficient and
reliable manner. In this respect, methods which allow the
detachment of the synthesized compounds from the resin
without leaving behind traces of the solid-phase synthesis are of
particular interest. They avoid the functional groups required
for resin attachment remaining in the target molecules which
may have an undesired effect on their biological activity. In
addition, synthesis sequences are of particular interest where the
desired products are formed and simultaneously released into
solution in the last step of the synthesis, i.e. in the sense of a
safety catch mechanism. Such a strategy ensures that only the
desired compounds are released, unwanted side products not
fulfilling the demand for safety catch release remain bound to a
solid support. Equally if not more vital to success is the choice
of the underlying molecular framework of the compound
library. The hit rates in biological assays and the quality of the
compounds are expected to be particularly high if the compound
class in question can be regarded as biologically pre-validated,1
in particular if they incorporate a so-called priviledged
structure, i.e. a structure that mediates binding to multiple
proteins.2 In this regard, indoles represent one of the most
important structural classes. A plethora of indole-based bio-
logically active natural products and indole-derived drugs span
an enormous range of biological activity.3 Consequently, the
combinatorial synthesis of indole libraries has received intense
attention.3–6

We now report on the development of a traceless5 solid phase
indole synthesis employing the Fischer indole synthesis6 as the
key step. In planning the synthesis we envisioned generating
hydrazines 2 on a solid support and treating them with
appropriate ketones under typical conditions of the Fischer
indole synthesis (Scheme 1). In the ensuing process an enamine
3 would be formed which upon protonation and [3,3]-sigma-
tropic rearrangement would give rise to an iminium inter-
mediate 5. Intramolecular attack of the formed aniline nitrogen
would lead to traceless release of indole derivatives 7 from the
polymeric carrier 6. It was planned to generate the immobilized
hydrazines 2 from polymer-bound hydrazides 1 by reduction of
the hydrazide carbonyl group. Appropriately substituted hydra-
zides 1 are compatible with a variety of organic-chemical
transformations like Pd(0)-catalyzed sp2–sp2-coupling proc-
esses, Grignard reactions and Wittig olefinations.7 Surely they
open up the opportunity to establish highly diverse compound

libraries. The plan for the synthesis was executed as shown in
Scheme 2.

Initially p-hydroxyphenylpropionic acid 8 was converted into
the methyl ester which was deprotonated to give phenolate 9.8
Nucleophilic attack on Merrifield resin 10 (resin loading 1.1
mmol g21) in the sense of a Williamson ether synthesis and
saponification of the methyl ester yielded polymer-bound
carboxylic acid 11 (resin loading 0.78 mmol g21, determined by
coupling with H-lysine(Fmoc)-OH and UV-spectrometric
quantification of the Fmoc group attached to the resin). This
polymer–linker conjugate was then converted into substituted
immobilized hydrazide 13 employing diisopropylcarbodiimide
(DIC) and N-hydroxybenzotriazole (HOBt) as condensing
reagents. Reduction of hydrazide 13 to hydrazine 14 was best
accomplished by treatment with 10 equiv. of the BH3·THF
complex at 60 °C overnight. Formation of the hydrazines was

† Electronic supplementary information (ESI) available: experimental
details. See http://www.rsc.org/suppdata/cc/b3/b305497g/

Scheme 1 Plan for the development and proposed mechanism of the
traceless Fischer indole synthesis on a solid support.

Scheme 2 Traceless Fischer indole synthesis in the solid phase.
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ascertained by means of high resolution magic angle spinning
(MAS) NMR-spectroscopic investigation9 of resin 14 (R1 =
Br). An HMQC experiment allowed for unambiguous establish-
ment of a C/H correlation characteristic for a polymer-bound
hydrazine (Fig. 1). Alternative reduction to an immobilized
hydrazone which might react with a ketone in the presence of
traces of water to a new hydrazone released into solution before
undergoing a subsequent Fischer rearrangement (Scheme 3)
was not detected.

Polymer-bound hydrazines 14 were suspended in a mixture
of dichloroethane/trifluoroacetic acid (1 : 3), and after addition
of a ketone 15 the mixture was shaken at 80 °C for 1–3 days
(Scheme 2). The building blocks employed in the traceless
indole synthesis are shown in Fig. 2, i.e. differently substituted
hydrazines and ketones were chosen.

Notably, in both cases functional groups are present which
allow for further structural modification of the obtained indoles,
i.e. an aromatic bromide or keto groups. The results of the
synthesis are shown in Fig. 3. In total eleven compounds were
synthesized enabling use of all building blocks chosen. The
overall yield from attachment of the hydrazine on a solid
support to release of the desired indole into solution vary from
6 to 41% after chromatographic separation.

Immediately after the traceless synthesis, the indole deriva-
tives are isolated in approx. 80% purity. After chromatographic
separation they were obtained with a purity of 99%. The results
show that the solid phase sequence tolerates several different
functional groups and that it delivers the desired products in a
very straightforward and practical manner. Mono- and di-
substituted aryl hydrazines as well as mono- and di-keto
compounds were successfully used.

In conclusion we have developed a traceless indole synthesis
on a solid support. It employs the Fischer indole rearrangement
as a key step, is operationally very practical, tolerant to a variety
of functional groups in both types of building blocks and makes
the desired compounds available in preparatively useful overall
yields and with high purity.
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Fig. 1 HMQC-NMR spectrum of the polymer-bound hydrazine 14.

Scheme 3 Possible pathways for formation and traceless release of the
indoles.

Fig. 2 Building blocks employed in the solid phase synthesis.

Fig. 3 Results of the traceless Fischer indole synthesis.
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