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Letters
1,2,3,4-Tetrahydro-c-carbolinium salts: novel reactions with thiols,
mediated by polymer-supported reagents
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Abstract—A series of dialkyl-[2-(3-alkylsulfanylmethyl-1H-indol-2-yl)-ethyl]amines was produced using a novel route involving
nucleophilic ring opening of 2,2-dialkyl-1,2,3,4-tetrahydro-c-carbolinium salts with thiols. The insertion reaction was mediated by a
strong, polymer-supported base, and the purification of the target compounds was facilitated using resin-bound sulfonic acid.
� 2004 Published by Elsevier Ltd.
The reaction of 2,2-dialkyl-1,2,3,4-tetrahydro-c-carbo-
linium salts with carbon-based nucleophiles has been
disclosed in the literature.1–3 However, there are no
reported examples of reactions of these substrates with
simple aliphatic and aromatic thiols. We have discov-
ered that this nucleophilic ring opening reaction is a
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robust and versatile synthetic protocol, and can be
conveniently mediated by polymer-supported reagents.

Scheme 1 illustrates the procedure developed. The Fischer
cyclization of phenylhydrazine 1 (1.0 equiv) with N-alkyl-
piperidone 2 (1.05 equiv) in a solution containing 7%
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concentrated sulfuric acid in 1,4-dioxane proceeded
smoothly to furnish the tetrahydrocarboline 3, typically in
greater than 90% conversion.4 Quaternization of the basic
nitrogen was accomplished by treating 3 with a 1:4 v/v
mixture of an alkyl halide, 4, and N,N-dimethylforma-
mide (DMF). An alternative method, used in cases where
this procedure proved to be a little sluggish, involved
treating 3 with a solution of haloalkane and DMF (1:5 v/v
ratio) in the presence of 5 equiv of sodium bicarbonate,
and warming to 50 �C; the desired intermediate was then
isolated following filtration. A solution of the tetrahy-
drocarbolinium salt (5) in DMF was then added to a
stirred suspension containing 2 equiv each of a thiol, 6,
and polymer-supported 1,5,7-triazabicyclo[4.4.0]dec-5-
ene (TBD)5 in 1,4-dioxane, and the resulting reaction
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mixture was agitated at 50 �C for 2days. The suspension
was then filtered, and the filtrate poured onto sulfonic acid
resin (5 equiv).6 After 30min, the resin was washed thor-
oughly with methanol, and the desired product, 7, was
isolated following treatment of the resin with a 2M
solution of ammonia in methanol, followed by evapora-
tion of the resulting filtrate under reduced pressure. Table
1 highlights the results obtained using a range of sulfur-
based nucleophiles using this protocol.8

As part of a broader exercise, we subsequently examined
a series of reactions incorporating additional sulfur-
based nucleophiles with a varied set of substrates (Table
2). Generally, these insertion reactions proceeded
smoothly as had been observed previously, though we
did notice that, unlike with the majority of analogues
synthesized in this study, some of the products resulting
from thiophenol insertions tended to gradually decom-
pose following isolation. Further, reactions involving
electron-poor thiols gave less clean product mixtures.
We were also interested to discover that insertion reac-
tions involving 2-benzyl mercaptan with indole ring-
substituted substrates also proceeded with good
conversion.

In summary, this short communication illustrates the
first reported example of nucleophilic ring opening
reactions of 2,2-dialkyl-1,2,3,4-tetrahydro-c-carbolin-
ium salts with thiols. The reaction is a valuable route
into a diverse array of sulfide derivatives, and can be
mediated by supported reagents, making it a useful
synthetic procedure for parallel synthesis.
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