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Abstract: 1-Triisopropylsilylgramine methiodide reacted smoothly with a variety of nucleophiles in 
the presence of tetrabutylammmonium fluoride to give 3-substituted indoles. The 3,4-disubstituted 
indoles were efficiently synthesized by sequential use of 4-selective lithiation of l-triisopropylsilyl- 
gramine and this new substitution reaction. 

A number of biologically significant natural products such as ergot alkaloids, 2 teleocidins, 3 and some 

plant growth regulators 4 comprise a 3,4-disubstituted indole nucleus. However, straightforward synthesis of 

the indole derivatives having such substitution pattern from readily available starting materials is not so easy. 

Many research groups, therefore, have endeavored to develop new methodologies to access this class of 

compounds.2, 5 Recently, we have reported a potentially useful method for 4-selective functionalization of the 

indole ring based on directed iithiation of l-triisopropylsilylgramine (1) (Scheme 1). 6 In this Letter, we 

describe a procedure for further functionalization of 3 at the C-3 side chain to produce 3,4-differentially 

substituted indoles. 
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The logical approach 7 for this transformation may consist of two reaction steps: i) deprotection of the 

triisopropylsilyl group and ii) conventional gramine substitution reaction. 8 We envisaged, however, these 

processes could be accomplished in a single step by taking advantage of the inherent reactivities of 1- 

triisopropyisilylgramines. The nucleophilic substitutions of gramine derivatives have been believed to proceed 

via the elimination-addition mechanism passed through the 3-methylene-indolenine type intermediates. 8,9 We 

thought similar intermediates 5 might be easily generated from the methiodides 4 by 1,4-elimination triggered 

by the attack of the fluoride ion on the triisopropylsilyl group. 10 The reactive intermediates thus generated 
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should be intercepted by nucleophiles, such as active methylene compounds, using the fluoride ion I 1 and/or in 

situ generated lrimethylamine as the base catalyst to give the 3,4-disubstituted indoles 6 (Scheme 2). 
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At first, we tested this idea by using the 4-unsubstituted gramine I and a variety of nucleophiles. Thus, 
1 was quaternized with iodomethane (2.0 equiv.) in benzene at room temperature for 2 hours to afford, after 

evaporation of the benzene, the methiodide as a white powder in an essentially quantitative yield. 

Tetrabutylammonium fluoride (TBAF) (1.5 equiv., 1.0M THF solution) was injected to the mixed suspension 

of the methiodide and an appropriate nucleophile in THF, and the resulting clear solution was stirred at room 

temperature for 1 hour. After usual workup and chromatographic purification, the substitution product was 

obtained in the yields shown in Table 1. 

Table  1. Reaction of 1-Triisopropylsilylgramine Methiodide with Nucleophiles in the Presence of TBAF. 

' ~ N M e 2  1. MellBenzenelR.T./2 h [ ~ ~ N u  

I 2. H-Nu or TMS-Nu/TBAF/ I 
Si(/.Pr)3 THF/R.T./1 h H 

1 7a-I 

Entry H-Nu or TMS-Nu Product Yield/% a 
(equiv.) 

Mp/¢C 
(Lit Mp/°C) ref. 

1 CH3NO2 7a 89 
(lO.O) 

2 CH3COCH2COOMe 7 h 97 
(lO.0) 

3 CH2(COOMe)2 7 c 93 
(10.0) 

4 AcNHCH(COOEt)2 7 d 95 
(1.1) 

5 Phthalimide 7 e 93 
(1.1) 

6 HSPh 7 f 97 
(1.5) 

7 HP(O)(OEt)2 7 g 79 
(1.5) 

8 TMS-CN b 7 h 91 
(1.5) 

9 TMS-N3 c 7 i 79 
(3.0) 

53-54 
(54.0-55.0) 9 

oil 

oil 

144-145 
(158-159) 9 

181-183 
(179-180) 13 

84-85 
(84) 14 
58-59 

(61-62) 15 
oil 

off 

a Overall yield from 1. b 3.0 equiv, of TBAF was used. c 4.5 equiv, of TBAF was used. 
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In the reaction with the active methylene compounds, such as nitromethane, methyl acetacetate, and 
dimethyl malonate, we used large excess (10.0 equiv.) of the nucleophiles in order to suppress the formation of 

dialkylated products. 12 Under these conditions, the monoalkylated compounds 7a-e were obtained in 

excellent yields (Entries 1, 2, and 3). Diethyl acetaminomalonate also reacted to afford 7(! in excellent yield 

(Entry 4). Heteronucleophiles such as phthalimide, thiophenol, and diethyl phosphite reacted in good yields 

(Entries 5, 6, and 7). Trimethylsilyl cyanide and trimethylsilyl azide were successfully employed as cyanide 

and azide ion sources, respectively (Entries 8 and 9). 

Based on the success of these reactions, the preparation of 3,4-disubstituted indoles of synthetic value 

was carded out subsequently. Thus, the compound 8, which could be prepared from 1 in two steps, 16 was 

quaternized with iodomethane (2.0 equiv.) in benzene at room temperature overnight in 99% yield. The 

resulting methiodide was treated with TBAF in the presence of 10.0 equiv, of nitromethane to give 9a, mp 

105-106 °C, in 85% yield. This compound has been employed as the key intermediate in the syntheses of the 

ergot alkaloids, such as secoagroclavine 17 and aurantioclavine. 18 In a similar manner, the 3,4-disubstituted 

indole 9b ,  mp 121-123 °C, was synthesized from 8 using 1.1 equiv, of diethyl (2,2,2- 

trichloroethoxycarbonyl)aminomalonate as a nucleophile in 92% yield. This compound has been converted to 

clavicipific acid.19 
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As other examples, 4-halogenoindole-3-acetonitriles l l a - c  were synthesized from 4-halogeno-l- 

triisopropylsilylgramines 10a-c, which were prepared by the directed lithiation of 1 in a single step, 6 and 

trimethylsilyl cyanide in good yields ( l l a :  mp 134.5-135.5 °C, 89%; l i b :  mp 155-156°C, 85%; l l c :  mp 

169.5-170 °C, 80%) 20 (Scheme 4). The nitrile l l a  was hydrolyzed (40%NaOH/MeOH/reflux/2h) 20 to a 

naturally occurring powerful plant growth hormone, 4a,c 4-chloroindole-3-acetic acid (12), mp 186-188 °C, in 

83% yield. 
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In conclusion, we have devised an efficient procedure for the nucleophilic displacement of N,N- 

dimethylamino group of 1-triisopropylsilylgramines via the fluoride ion-induced elimination-addition reaction. 

This method is particularly useful for the preparation of 3,4-differentially substituted indoles by combinational 

use of the directed lithiation of 1-triisopropylsilylgramine 1, as exemplified in the synthesis of 9a,b and l la-  

¢. We believe the methodology is widely applicable for the syntheses of biologically significant complex 

natural products having a 3,4-disubstituted indole nucleus. 
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