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Summary: The N-l BOC protected precursors of 6-(fluoromethyl)indole and 6-(difluoromethyl)indole 
were prepared and deprotected via flash vacuum thermolysis. The stability of these newly prepared, 
unprotected indole derivatives has been characterized and compared to that of a previously known 
compound, 6-(trifluoromethyl)indole. 

The tryptophan processing enzymes, tryptophanase and tryptophan synthase, catalyze the reversible 

C-3 alkylation of indole through a mechanism proposed to include N-l deprotonation.’ Synthetic work in 

our laboratory has been directed at developing substrate analogues for the characterization of this base- 

dependent event. Halomethyl-containing compounds have proven useful in the identification of 
carbanionic intermediates formed during enzyme turnover: and a similar analysis may be applicable to 

our heteroatomic system. Accordingly, we have developed syntheses for 6-(fluoromethyljindole and 6- 

(difluoromethyl)indole. 

As depicted in Scheme I, we were initially interested in preparing a 3-(halomethyl)indole. If this 

type of compound were appropriately activated by the enzymes of interest, halide elimination would be 

stimulated and an electrophilic indole methide would be generated in situ. Our attempts to reproduce 

the few literature syntheses of 3(bromomethyl)- or 3-(chioromethyl)indole were not successful.3 While 

N-protected 3-(halomethyl)indole may be prepared and are moderately stable,’ deprotection of these 

compounds led to uncharacterizable mixtures. This instability even extended to the fluoromethyl 

analogue. 

Scheme I - Nu:~ _ r--Nu 

Our focus therefore turned towards the design of a derivative in which halide elimination would 

require disrupting the aromaticity of both the benzene and pyrrole rings of indole (Scheme II). This 

was expected to increase the kinetic barrier for fluoride release and thus allow for isolation of an 

unprotected indole. The syntheses of 6- and 7-(fluoromethyl)indole were undertaken for the purpose of 

enzymatic evaluation and for comparison of their reactivity to that of the previously described 6- 

(triiluoromethyl)indole.’ 
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Scheme /I 

The heterocyclic nitrogen of 6-methylindole was protected using di-tert-butyl dicarbonate and catalytic 

4-DMAP to give l-(tert-butoxycarbonyl)-6-methylindole 2 in 86% yield.’ Scheme III depicts the 

subsequent transformations. Irradiation of the protected methylindole 2 in the presence of NBS and 

dibenzoyl peroxide provided the 6-(bromomethyl) derivative 3 (69% yield).” Treatment of the brominated 

compound with excess AgF then gave 1 -(terf-butoxycarbonyI)-6-(fluoromethyl)indole 4 (30% yield)? 

Scheme Ill 

Jcqo~ &-Jy+Fp*o’ m 
-Y 

Br 

-+ + 

F 

2 3 4 1 

a) NBS, hu, CC& 25 min, 80"; 6) AgF, CH&N, 2 hr. 25O; C) FVT, benzene-d,+ 400~ 

Conventional methods for removing the BOC protecting group proceeded with concomitant loss of 

the halomethyl functionality.‘0 Flash vacuum thermolysis” (400°C) of a 510% (wt/vol) benzene-d, 
solution of 1 -(tert-butoxycarbonyl)-6-(fluoromethyl)indole 4 did, however, provide a compound consistent 

with the desired, 6-(fluoromethyl)indole 1.” This molecule proved to be too unstable for further 
manipulation. 

The synthesis of 6-(difluoromethyl)indole 5 (Scheme IV) was then examined for the added stability 

that a second fluorine substituent should lend to this heterocyclic system. Oxidation of 6-(bromomethyl)- 

1 -(ten-butoxycarbonyl)indole with DMSOMaHCO, generated indole-6carboxaldehyde in a crude yield of 

86%; as indicated, the BOC group was lost under the conditions of this reaction (20 minutes at 150°C). 

Treatment of the reprotected indole-6oarboxaldehyde 6 with DAST (neat) overnight afforded a 65% yield 

of the &(difluoromethyl) derivative 7. Flash vacuum thermolysis of 7 then gave the deprotected 6- 
(difluoromethyl)indole 5 in 51% yield after column purificationi 

Scheme IV 

a) NdC03. DWO, 20 min. 150’; Q) (BOC)nO, DMAP, CH&N, IO min. 250; 

c) neat DAST, 12 hr. 30”; d) FVT, benzens4,4~0 



Functionalization at the C-7 position was also our goal; fluoride elimination from this position would 

generate an indole methide that might trap the putative enzymatic base responsible for N-l 

6119 

deprotonation. 7-(Fluoromethyl)indolei2 could be prepared in a route parallel to that developed for the 6 

(fluoromethyl) derivative, and, as for 6(fluoromethyl)indoIe, decomposed with a half-life of ~3 hr at 25 “C 

in benzene. Attempts to prepare 7-(difluoromethyl)indole from 1 -(terr-butoxycarbonyl)indole-7-cabox- 

aldehyde and neat DAST were not successful despite reaction times of two days at 45°C; the lack of 

reaction is presumably due to the congestion imposed by the BOC protecting group. 

The efficiency of fluoride elimination varies widely in the series of mono-, di-, and trifluoromethyl- 

substituted indoles. As described, 6- and 7-(fluoromethyl)indole decomposed quite readily. In contrast, 

there was no indication of fluoride elimination from 6-(trifluoromethyl)indole when treated with 100 mM 

NaOH at 25°C (i.e., there was no hydrolysis to indole-6-carboxylate); this was monitored by both UV 

spectroscopy and TLC over a two hour period.14 

A balance in reactivity was demonstrated by 6-(difluoromethyl)indole. This compound was stable to 

silica gel chromatography and storage as an ethanol solution at -20% for at least one month. Under 

aqueous conditions, 6-(difluoromethyl)indole hydrolyzed to indole-6-carboxaldehyde 8 (Scheme V) with a 

rate constant of 1.0 x 10’ min” (0.2 M potassium phosphate buffer, pH 8.0).15 Additionally, this process 

was found to be independent of both pH and buffer concentration within a pH range of 3-12; above pH 

13 aldehyde formation was greatly stimulated. Enzymological evaluation of the di- and tri-substituted 

compounds is now in progress. 

Scheme V 
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