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smary : Selenium dioxide oxidations of 3-methyl-4,5,6,7-tetrafluoroindoles gave S-formy or 
3-acetoxymethyltetrafluoroindoles in unexpectedly high selectivities, which turned out to 
serve as useful intermediates for the syntheses of tetrafluoro analogs of tryptophan, tryp- 
tam&e and indole acetic acid. 

Recently, it has been shown that fluorinated analogs of naturally occurring biologically 

active compounds often exhibit unique physiological activities.2 In the course of our study 

on the synthesis of versatile intermediates for physiologically active organofluorine com- 

pounds via functionalizations of readily available starting materials,3 we were interested in 

synthesizing tetrafluoro analogs of indoles since indole skeleton is a very important ring 

system with regard to biologically active compounds such as tryptophan, tryptamine, indole 

acetic acid and alkaloids. We will describe here convenient routes to 3-formyl- and 3-acet- 

oxymethyl-4,5,6,7-tetrafluoroindoles via novel selenium dioxide oxidations, which serve as 

useful synthetic intermediates. 

We chose 2-pentafluorophenylpropanal (,_l) as the starting material, which is readily 

available by the hydroformylation of pentafluorostyrene catalyzed by rhodium complexes such 

as Rh6(C0)16 and HRh(CO)(PPh3)3.3a The formation of the tetrafluoroindole ring was carried 

out by reacting k with a primary amine followed by cyclization by the action of lithium diiso- 

propylamide (LDA)4 (eq. 1). For instance, the reaction of i with allylamine in the presence 

of anhydrous magnesium sulfate in chloroform at 0°C gave a mixture of the corresponding Schiff 

base and enamine (a) in quantitative yield. Then, 2 thus obtained was treated with 1~ LDA 

solution in tetrahydrofuran (THF) at -78°C to give 1-allyl-3-methyl-4,5,6,7-tetrafluoroindole 

(a) in 74% yield after purification on silica gel column.5 In a similar manner, l-benzyl 

derivative (,&) was obtained in 79% yield.5 3-Methyl-4,5,6,7-tetrafluoroindole ($ was readi- 

ly obtained through deallylation of ,& with the use of rhodium trichloride catalyzed isomeri- 

zation followed by acidic hydrolysis (97% yield). 

'gF5 
(i) 

CHO - 

I, &: R=Allyl &: R=Allyl 
$ 

&: R=PhCH2 ,&: R=PhCH2 

(i) RNH2, MgSO4, CHC13, O'C%r.t., 1 h, (ii) LDA (1 eq.), THF, -78"C, 30 min and -78OC%r.t., 
10 h, (iii) (~=Allyl), RhC13-3H20 (1.0 mol%), EtOH, reflux, 14 h, (iv) 61 HCl, reflux, 20 min. 
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Next, we focused on the convenient synthesis of 3-formyl-4,5,6,7-tetrafluoroindoles (6,) 

and 3-acetoxymethyl-4,5,6,7-tetrafluoroindoles (l) through selective oxidation of 3-methyl- 

4,5,6,7-tetrafluoroindoles since #, and x were well anticipated to be the key-intermediates for 

the synthesis of tetrafluoro analogs of tryptophan, tryptamine and indole acetic acid. 

Attempted oxidation of & by using Cr03 -acetic anhydride-H2S04 (Thiele reagent)6 resulted 

in the formation of complex mixture. However, selenium dioxide oxidation7 of & in refluxing 

diglyme brought about an unexpectedly high yield (92%) production of I-benzyl-3-formyl-4,5,6,7- 

tetrafluoroindole &,I$.*~~ As the direct oxidation of ,$ with selenium dioxide resulted in the 

decomposition of indole skeleton, l-position of ,+, was protected by acetyl, benzoyl or tosyl 

group, (&-a), and submitted to the selenium dioxide oxidation. The oxidation of ,@, and 
8 

gave 3-formyl-4,5,6,7-tetrafluoroindole (&) in 86% and 74% yields, respectively (eq. 2)*' : 

the acetyl and benzoyl protecting groups were removed during the reaction. In contrast with 

this, the reaction of ,& gave 1-tosyl-3-formyl-4,5,6,7-tetrafluoroindole (,&) in 81% yield 

(eq. 3)*$! 1-tosyl group is tolerant of the reaction. 

Ac20/Py. or Se02 

PhCOCl/Py. 

I 
160°C, 1~1.5 h 

CH3 g: R'CH3 

a: R=Ph 

TsCl./NaH 
CH3 

Se02 
CHO 

160°C, 3 h 

(2) 

(3) 

It should be noted that the selective oxidation of a methyl group attached to indole nu- 

cleus to the corresponding for-my1 group is successfully performed in good yield by using sele- 

nium dioxide as specific oxidant since it has been shown that in general the oxidation of this 

type is very difficult and selenium dioxide oxidation of methyl groups attached to arenes only 

gives a mixture of the corresponding aldehyde and carboxylic acid in low yield.7 It is also 

noteworthy that tetrafluoroindole skeleton is tolerant of the selenium dioxide oxidation. 

When the oxidation of &was carried out in the presence of acetic anhydride, another 

unique reaction took place, viz., l-acetyl-3-acetoxymethyl-4,5,6,7-tetrafluoroindole (a) was 

obtained in 60% yield after purification on silica gel column; similarly, 1-benzoyl, 1-tosyl 

and 1-benzyl derivatives (@,-$,) were obtained in 40-60% yields (eq. 4)gy5. In these reactions, 

it turned out that k was formed as side product, which was separated by a column chromatography 

on silica gel. 

CH3 Se02(2eq)-Ac20(2eq) F F 

diglyme, 160°C, 1.5 h 
* ,or, 

0 N, CH20Ac 

F R 

(4) 

2: RXH3CO; Q: R=PhCO; &: R=tosyl 
I 



The anticipated usefulness of ,Q and 1 thus obtained was proved by the following examples: 

(i) the reaction of &, with piperidine (large excess) at room temperature for 20 h gave 3- 

piperidinomethyl-4,5,6,7-tetrafluoroindole (@) in 97% yield, which is a known key-intermedi- 

ate" for the synthesis of 4,5,6,7-tetrafluorotryptophan (eq. 5), (ii) the reaction of t with 

sodium cyanide (5 eq.) in dimethylformamide at 90°C for 14 h gave 3-cyanomethyl-4,5,6,7-tetra- 

fluoroindole (2) in 41% yield, which is also known to be an excellent precursor 
10a 

of 4,5,6,7- 

tetrafluoroindole acetic acid (eq. 6), (iii) 4,5,6,7_tetrafluorotryptamine was obtained from 

,& through condensation with nitromethane followed by lithium aluminum hydride reduction in 

83% overall yield and (iv) N-benzoyl-4,5,6,7_tetrafluorotryptophan methyl ester was obtained . . 

r 

CHO CH3N02(cat. NH40Ac) F r 

-0-J ' N' 

CH=CHN02 LAH CH2CH2NH2 

50°C, 12 h 

FF H 
90% 92% 

Et26 

HN 3 CH2N3 -* 
2 steps 

r.t., 20 h r- - 

t 

9OT, 14 h 

from j$ through Erlenmeyer's azlactone method" in 79% overall yield. 

hydrolysis CH2COOH 

AcONa/Ac20, THF 

+ 

MeOH(cat. NEt ) 
reflux, 1 h3 L 

91% 91% 

H2/Pd-C 
* 

MeOH 

(5) 

(6) 

(7) 

(8) 

As it is known that 4,5,6,7_tetrafluorotryptophan exhibits strong activities in the inhi- 

bition of both the tryptophanyl hydroxamate and aminoacyl t-RNA formation, 12 tetrafluoro ana- 

logs of tryptamine, indole acetic acid and other indole derivatives are expected to have some 

unique physiological activities. 

Further investigations along this line are currently underway. 
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