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Abstract - A simple four (or three) step synthesis method for 
1,3,4,5-tetrahydropyrrolo[4,3,2-elquinoline ( 5 )  from indole-3- 
carboxaldehyde ( 9 )  is developed. A single step preparation of 5- 
hydroxy-4-nitroindole ( 8 )  by the oxidation of 4-arnlnoindole (1-6) 

1 s  also reported. 

Discorhabdins (I) , 2  prianosins (2) ,3 batzellins (!) ,4 plakinidins (4-) ,5 and de- 

hydrobufotenin (!16,' are biologically active natural products and involve a 1,3,4, 

5-tetrahydropyrrola[4,3,2-~lquinoline nucleus as a common structure (Figure 1). In 
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our synthetic projects aimed at the above alkaloids, we settled 1,3,4,5-tetrahydro- 

pyrrolo[4,3,2-glquinoline (6) as a suitable starting material, which is not readi- - 
ly available as yet.7 On the other hand, much efforts have been focused on the syn- 

thesis of serotonin derivatives8a because in central nervous system serotonin is 

believed to control important physiological actions such as anxiety, feeding be- 

havior, sleep, and sexual function.8b In order to understand these actions, we 

needed various 4-amino-5-hydroxytryptamine derivatives (71, hoping that they would 

be selective ligands which bind to the speciflc receptor of enzyme. In this com- 

munication, we describe simple synthesis methods for both 1,3,4,5-tetrahydro- 

pyrrolo[4,3,2-&lguinoline (6) and 5-hydroxy-4-nitroindole (8), which is an impor- - - 
tant building block for L. 
I. Simple synthesis of 1,3,4,5-tetrahydropyrrolo[4,3,2-&lquinoline ( 6 )  
In the previous paper,' we have established one pot (or two step) synthesis method 

for 4-nitro- (1Ab) and 4-azidoindole-3-carboxaldehyde ( 1 0 ~ )  from indole-3-carbox- - 
aldehyde (9) y& thallrum compound 10al0 (Scheme 1 ) . However, the yield (31%) of - 
10c remained to be improved. Now, we could raise its yield to the extent of 87% - 
only by changing copper catalyst from the originally used9 cupric sulfate to 

cuprous iodide in the reaction of 10a with sodium azide in N,N-dimethylformamide- - 
water ( 1 : 1 ,  vlv) .' With lob and 10c in hand, aldol condensation reaction of them - - 
with nitromethane was carried out to afford the corresponding nitrovinyl compounds 

(lla) and (llb) in 93% and 95% yields, respectively. Subsequent catalytic hydro- - - 
genation of lla or llb over 10% PdIC at 70-76-C and 60-70 atm generated the desired - 
6 in 35% and 19% yields, respectively. - 
The compound (6) could also be produced by the following alternative route. Accord- 
ing to our synthetic method, '' 4-nitroindole-3-acetonitrile (14) was prepared in - 
28% overall yield from 2,6-dinitrotoluene (12) through 4-nitro- (13a) and then 3- - - 
dimethylaminomethyl-4-nitroindole. In the next step, though n ester^ claimed the 
formation of 6 by the catalytic hydrogenation of 12 over 10% PdIC st 45 psi (3 - 
atm), in our hand we could not obtain 6, instead formation of 4-aminoindole-3- - 
acetonitrile (15) was observed. After examining various reactlon conditions, we - 
finally found that catalytic hydrogenation of 14 over 10% PdIC at 69-73'C and 70-80 

atm could generate 6 in 57% yield together with 40% y~eld of 15. Catalytic - - 
hydrogenation of 15 at 90-95 atm was also found to produce 6 in 21% yield together - - 
with 71% yield of unreacted 15. 
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11. Simple synthesis of 5-hydroxy-4-nitroindole (81 - 
since we reported the preparation of 4-aminoindole (16) in a single step from 2,6- 

dinitrotoluene (12) in a quantitative yield,'' we have investigated its reactivity - 
towards electrophiles (including oxidizing reagents) and recognized that the reac- 

tivity at the 3-position was comparatively lowered than that of benzene part. 

Based on the result, we attempted the oxidation of 16 expecting the generation of - 
the desired 5- (8) and 7-hydroxy-4-nitroindole (171, though oxidation of 2.3- - - 
unsubstituted indoles is well known to afford miserable results. 12 

In practice, m-chloroperbenzoic acid IMCPBA) was found to be a reagent of choice 

for meeting our end, resulting in the formation of 8 and 17, and the representative - - 
results are summarized in Table I. We can alternatively obtain 17, which is also - 
an excellent building block for our targets, in a short step in good overall yield 

from readily available l-acetyl-2,3-dihydro-7-hydroxyindole13 and the results will 

be reported in due course. 

Table I. Oxidation of 4-Aminoindole (16) with m-Chloroperbenzoic Acid (MCPBAI - 

Run MCPBA Solvent Reaction Additives Yield ( % I  of 

lmol eq. 1 Time (mi".) 1" 13b I! 
1 3.0 CH3COCH3 and Phosphate Buffer 15 21 14 0 

c ~ ~ c l ~  1 ,  1 35 (pH 7.01 

2 5.2 3 5 Sat. NaHCO3 3 2 0 16 5 

(pH 9 )  

3 10 28 0 20 3 

4 , CH2C12 only 3 5 12 0 10 0 

Similarly, oxidation of 19 with MCPBA gave 5-nitro- (20) and 4-hydroxy-5-nitro- - - 
indole (211 in 50% and 4% yields, respectively. In contrast, oxidation of 16 with - - 
dimethyldioxirane14 did not produce 8 even in a trace amount, instead 4-nitroindole - 
(13a) was produced in poor yield (3%-17%) together with 4-nitrosoindole (13b, 6%- - - 
14%). Although the yields of 8 and 22 are still not satisfactory, we are now inves- - 
tigating to establish optimum reaction condit~ons and oxidizing reagents. 

The structure of 8 was proved unequivocally by the following alternative synthesis. - 
First, 8 was derived to 5-methoxy-4-nitroindole (18) by the reaction with diazo- - - 
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methane in 43% yield.15 On the other hand, Vilsmeier-Haack reaction of commercially 

available 5-methoxyindole (22) afforded 92% yield of 5-methouyindole-3-carbox- - 
aldehyde (23). which was then converted to 5-methoxy-4-nitroind01e-3-carboxaldehyde - 
(24) ~n 40% yield by the reaction with cupric nitrate in acetic anhydride. Oxida- - 
tion of 24 with sodium chlorite afforded the corresponding carboxylic acid (251, - - 
which was then without purification decarboxylated in refluxing pyridine to afford 

18 in 59% overall yield. - 
In conclusion, we can now produce 1,3,4,5-tetrahydropyrrolo[4,3,2-glquinoline (6) - 
and 5-hydroxy-4-nitroindole ( 5 )  quite easily. Syntheses of 1-5 and serotonin -. - 
derivatives (7) are currently in progress. - 
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