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Abstract 

A general two-step procedure for the reduction of indoles to the corresponding 4,5,6,7-tetrahydroindoles has 
been developed. A regioselective Birch reduction followed by catalytic hydrogenation is employed to accomplish 
this transformation. Yields for the sensitive pyrrole products are typically between 40 and 50%. This method 
provides access to complex chiral pyrroles that cannot be readily prepared by other methods. © 1999 Elsevier 
Science Ltd. All rights reserved. 
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Pyrrole tings are important components of many biologically active natural products1-3 and can be 
used as rl 5 ligands for transition metals. 4-9 In the context of transition metals 4,5,6,7-tetrahydroindoles 
(cyclohexeno[2,3-a]pyrroles) are interesting because they are isoelectronic with the corresponding 
tetrahydroindenyl ligands. While rl 5 coordination of indenyl ligands makes them easy to hydrogenate, 
rl 5 coordination of indolyl ligands is difficult to achieve relative to rl I coordination with the indole 
nitrogen. Consequently, 4,5,6,7-tetrahydroindoles must be synthesized prior to ri 5 metal coordination. 
Alkyipyrroles are highly reactive and can be difficult to synthesize directly. In contrast, indoles are 
less reactive, easy to synthesize, and can be reduced under dissolving metal conditions. 1°-12 While the 
dissolving metal reduction of indole has been shown to give primarily 4,7-dihydroindole 3, these sensitive 
products have not been further reduced to the 4,5,6,7-tetrahydroindoles. 
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There are two challenges associated with the Birch reduction of indoles to the 4,5,6,7- 
tetrahydroindoles. The first challenge is to prevent the buildup of unreactive indolyl anion formed 
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under the basic reaction conditions. Birch reduction in the presence of methanol has been shown to 
reduce the amount of recovered starting material (Eq. 1). l° However, complete consumption of the 
starting material is essential, because the starting material is not easily separated from the desired 
tetrahydroindole 2. The second challenge is to complete the reduction of 4,7-dihydroindole 3 by 
hydrogenation of the sensitive product mixture. 

For the reduction of skatole (3-methylindole), addition of increasing proportions of methanol (up to 
20%) failed to consume the starting material. In an effort to reduce the basicity of the reaction medium, 5 
equiv, ammonium chloride was added in a single portion 5 min after addition of the lithium metal. Under 
these conditions, the starting material is completely consumed. This important modification obviates the 
need to separate skatole from the final product mixture. 

The ratio of tetrahydroskatole 5 and dihydroskatole 6 is typically between 1:2 and 1:3. As shown in 
Scheme 1 the ratio of 5 and 6 is determined by the protonation of the radical anion intermediates to 
give reactive dihydroskatole a and/or b, or unreactive dihydroskatole 3a. It is difficult to control these 
protonation steps, especially since relatively acidic conditions are required for complete consumption 
of the starting indole. Instead, a second hydrogenation step was used to convert dihydroskatole 6 into 
tetrahydroskatole 5 without prior separation. 
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Scheme 1, 

The catalytic hydrogenation of dihydroskatole 6 is complicated by its propensity to re-aromatize. This 
oxidative process, related to transfer hydrogenation, 13 is pronounced when Pd-C is used as the catalyst 
at atmospheric pressure (Eq. 2). Reoxidation is still a problem when 1,4-cyclohexadiene is used as the 
hydrogen source. 
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Better results were obtained with rhodium- and platinum-based catalysts under 50 psi hydrogen. 
While Rh/A1203 gave good results with 3-substituted indoles 7b-9b,  Wilkinson's catalyst (under 1 atm 
hydrogen) gave better results with 2,3-disubstituted indoles. In general, yields for the two-step reduction 
of indoles to tetrahydroindoles are generally within the range of 40-50% (Table 1), even when the 
substrate contained more than one aromatic ring. These yields are consistent with the extraordinary 
sensitivity of alkylpyrroles to oxidative oligomerization 14 and autoxidation. 15J6 The best yield was 
obtained for 2,3-dimethyl-4,5,6,7-tetrahydroindole, which was purified by distillation. 

Knott-type condensation approaches work well for the synthesis of simple pyrroles, especially pyrroles 
with electron-withdrawing groups.17 However, the two-step reduction of indoles makes chiral pyrroles 
available from the chiral pool of alkaloids. For example, reduction of yohimbino118 gives the correspon- 
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Two-step reduction of indoles to tetrahydroindoles 
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indole tetrahydroindole hydrogenation mo l% solvent YIELD 
catalyst catalyst (2 steps) 
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a. purified by distillation 

ding pyrrole 12b 19 in yields comparable to those obtained for the simple indoles in Table 1. Pyrrole 12b 
associates strongly with ethanol and oxygen. 2°,21 Following chromatographic purification of 12b with 
methanol/chloroform, 0.5 equiv, ethanol is retained from the eluent. In addition, lH NMR samples of 
12b in chloroform must be degassed (freeze/pump/thaw) to remove oxygen that leads to selective signal 
broadening. 
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OH Rh(PPh3)3CI OH 

48% (3) 

In summary, a general two-step procedure for the reduction of indoles to the corresponding 4,5,6,7- 
tetrahydroindoles has been developed. This procedure involves Birch reduction followed by catalytic 
hydrogenation. This method provides access to complex chiral pyrroles that cannot be readily prepared 
by other methods. 
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1. Typical procedure: reduction of skatole to tetrahydroindole 5 

A dry three-neck flask was charged with 75 mL of liquid ammonia at -78°C. Methanol (15 mL) was 
added followed by the skatole (0.26 g, 2.0 mmol). Lithium metal (0.21 g, 30 mmol) was added and the 
mixture was stirred for 5 min leading to a blue solution. After 5 min, NH4CI (0.53 g, 10 mmol) was 
added and stirring was continued for 30 min at -78°C. Over the next hour about half of the ammonia 
was allowed to boil off and the mixture was then carefully poured into wat,er and the aqueous solution 
was extracted three times with Et20. The combined organic layers were washed with water and brine, 
and then dried over MgSO4. Filtration and concentration of the solvent in vacuo provided a mixture of 
4,7-dihydroskatole and 4,5,6,7-tetrahydroskatole (0.25 g) as an off-white solid. The air sensitive product 
mixture was used immediately in the hydrogenation step without further purification. 

The mixture of partially reduced skatole was added to 10% Pt-C (0.19 g, 0.1 mmol) in 50 mL ethyl 
acetate and the reaction mixture was stirred under 50 psi hydrogen for 12 h. After this time the mixture 
was diluted with ethyl acetate and filtered through Celite. Concentration of the solvent in vacuo provided 
the crude product. Kugelrohr distillation afforded pyrrole 5 (0.14 g, 50%) as white crystalline solid that 
is air sensitive. Non-volatile pyrroles 7b-12b were purified by silica gel chromotagraphy. 
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