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Abstract

The carbamate linker of hydroxymethyl polystyrene is cleaved by treatment with a mixture of
tri¯uoroacetic acid and dimethylsul®de at ambient temperature. The linker, an equivalent of Cbz, is stable
to a wide range of acidic, basic, and reductive conditions. Fisher indole synthesis and Pictet±Spengler
cyclization on solid support, which require 70�C in acetic acid with zinc chloride and 10% TFA in di-
chloromethane, respectively, were successfully carried out using this linker. The facile linker cleavage
strategy enables more chemistry to be performed on hydroxymethyl polystyrene resin without recourse to
HF. # 2000 Elsevier Science Ltd. All rights reserved.

Linkers play a pivotal role in solid-phase organic synthesis. The properties of the linkers dictate
the type of chemistry that can be performed on the resin-bound substrate without premature
release from the resin. The most common linkers include acid-sensitive, nucleophile-labile, photo-
cleavable and safety-catch linkers.1,2 Although many organic reactions have been successfully
carried out on solid support, great care must be taken in planning a multi-step synthesis to avoid
conditions that would compromise the integrity of the linker. Ideally, a linker is stable to a variety
of acidic, basic, reductive, oxidative, and even photochemical conditions, and is conveniently
cleavable with common laboratory reagents. In this communication, we report the use of a
carbamate linker of hydroxymethyl polystyrene in the preparation of amines. The linker, an
equivalent of Cbz, is cleaved by treatment with a mixture of tri¯uoroacetic acid and dimethylsul®de
at ambient temperature.3 It is stable to a wide range of acidic, basic and reductive conditions.
Screening of the Merck combinatorial libraries on somatostatin receptors identi®ed the 2-aryl

indole leads 1 and 2.4 A close inspection revealed that the 2-aryl indole lead has structural
similarity to the previously discovered peptidal mimetic somatostatin agonist 3.5 SAR studies in
the earlier class indicated that the lysine part of the molecule plays an important part for receptor
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a�nity and subtype selectivity.6 To rapidly study the e�ect of diamines in the 2-arylindole lead
series, we chose to use solid-phase chemistry. A solid-phase synthesis of this class of 2-arylindoles
had been described earlier.7 A key step in the synthesis is the reaction between hydrazines and
resin bound ketoacids in acetic acid at 70�C using ZnCl2 as a catalyst. Such strongly acidic
conditions required a robust linker/resin such as HMBA-AM resin (4-hydroxymethylbenoic acid
aminomethyl resin), to which the substrate is attached via an ester. The ®nal product can be
cleaved by methanolysis in the presence of triethylamine. As a result, all the compounds prepared
previously bear an ester moiety. Therefore, it is highly desirable to develop solid-phase synthesis
strategies for the incorporation of di�erent amines.

We ®rst examined the safety-catch linker, which is stable under strong acidic conditions.2 Once
the 2-aryl indole is formed, activation and cleavage with di�erent diamines should give the
desired compounds. Coupling of the ketoacid 5 with the 4-sulfamylbutyryl AM resin 6 was
achieved using EDC (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride) and
stoichiometric amount of DMAP (4-dimethylaminopyridine) in dichloromethane (DCM) to give
acylsufonamide 7 (Scheme 1).8 However, exposure of the resin bound intermediate 7 to the indole
formation conditions did not yield any of the desired 2-aryl indole. An intramolecular cyclization-
cleavage reaction took place with 10 as the only product.9 Clearly an alternative approach was
required.

An acid-labile carbamate linker has been employed in the synthesis of a somatostatin agonist
library incorporating diamines.10 The same strategy could be adopted in this 2-aryl indole
synthesis by utilising an acid stable linker. The carbamate linker from hydroxymethylpolystyrene
resin has been used for the synthesis of short peptides by attaching the amino acid via the amine
group.11 The linker, an equivalent of the carboxybenzyloxy (Cbz) protecting group, is stable to
acid (e.g. TFA) and is removable by HF or other strong acidic conditions. We chose to cleave the
resin bound amine with TFA and dimethyl sul®de (DMS).12

The general synthesis is shown in Scheme 2. The diamine 14 is attached to the hydroxy-
methylpolystyrene resin as a carbamate by reacting with the activated carbonate 13.13 The keto
acid 5a is then coupled to the free amine to form the amide 16 using condensation reagent PyBOP
(benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexa¯uorophosphate). 2-Aryl indole
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formation was then carried out in 4 hours using 3 equivalents of the hydrazine hydrochloride 8a
and 1 equivalent of ZnCl2 in acetic acid at 70�C. Treatment of the resin intermediate 17 with TFA
and DMS (4:1) overnight at room temperature the 2-arylindole amide 4a in good yield (60%) and
high purity (95%). A number of diamines, keto acids and hydrazines were investigated with very
similar results. The methology proved to be suitable for the preparation of libraries for screening
as somatostatin agonists. To check the stability of this linker, intermediate 17 was subjected to a
variety of basic (triethylamine, MeOH/THF, 70�C; sodium hydroxide, H2O±MeOH/THF) and
reductive (sodium borohydride, EtOH±THF) conditions. No cleavage was observed.

Similarly, we also applied the linker to the Pictet±Spengler reaction on solid support.14 The
resin bound diamine 15a was acylated with Fmoc-Trp under the standard peptide coupling
conditions, followed by Fmoc deprotection. Pictet±Spengler cyclization of 18 is carried out with
benzaldehyde in 10% TFA/DCM at room temperature overnight to give 19. The tetrahydro-b-
carboline 20 is cleaved from the resin using the DMS:TFA cocktail (1:4) in 95% yield and 92%
purity (Scheme 3).

In conclusion, the carbamate linker of hydroxymethyl polystyrene is cleaved by treatment with
a mixture of tri¯uoroacetic acid and dimethylsul®de at ambient temperature. The linker, an
equivalent of Cbz, is otherwise stable to acidic, basic and reductive conditions. The facile linker
cleavage strategy enables more chemistry to be performed on hydroxymethyl polystyrene resin
without recourse to HF.

Scheme 2.

Scheme 3.
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