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Abstract: N-tosyl-3-nitroindole undergoes high yielding Diels-Alder reactions with 1-(N-acyl-N- 
alkylamino)-l,3-butadienes in a regioselective manner, to afford advanced intermediates for the 
synthesis of Aspidospermine alkaloids. © 1999 Elsevier Science Ltd. All rights reserved. 

The Diels-Alder (D-A) reaction is one of the most useful reactions in preparative organic chemistry/ Its potential in 

heterocyclic chemistry and natural product synthesis is well known] As the following discussion illustrates, the 

employment of N-tosyl-3-nitroindole in Diels-Alder reactions with appropriate dienamides allow us to approach 

regioselectively useful intermediates in the synthesis of natural products (e.g. Aspidospermine Alkaloids, Scheme 1). 
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In this connection, we have examined the possibility of making use of heteroatom-substituted dienes, which would 

provide the appropriate functionality array in addition to enhanced reactivity. General synthetic utility in Diels-Alder 

reactions of l-(N-acyl-N-alkylamino)-l,3-butadienes has been well demonstrated. 3 A most significant feature 

contributing to the considerable synthesis applications of these dienes is their potential high regio- and 

stereoselectivity in cycloaddition reactions with unsymmetrical, and often unreactive, dienophiles, like the previously 

cited nitroindole, providing access to a variety of amino-functionalized cyclic systems. 
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Considering the higher reactivity and thermal instability 4 of the 1-(N-acyI-N-alkylamino)-dienes compared to isoprene, 

milder reaction conditions were chosen. Thus, heating a 1:2 molar mixture of nitroindole 5 1 and 1-(N-acetyl-N- 

propylamino)-l,3-butadiene 6 2a at 90°C for 4 days 7 afforded a single 1:1 regioisomeric adduct 4-(N-acetyl-N- 

propylamino)-N-tosyl-dihydrocarbazole s 3a (with thermal extrusion of nitrous acid accompanying the D-A reaction) 

and the unexpected N-tosyl-carbazole 9 4 in a ca. 3:1 ratio and 65% yield, recovering unreacted dienophile (ca. 30%) 

and diene (Scheme 2). Under the same reaction conditions, the 1-(N-benzoyl-N-bencylamino)-l,3-butadiene 6 2b 

exposed to 1 behaved like its N-acetyI-N-propylamino-substituted analogue, yielding a 2:1 mixture (ca. 70% yield) of 

the adduct 1° 3b and 4. Lowering the reaction time to 1 day led in both cases to a 4:1 product mixture in ca. 20 % yield 

and longer reaction times (7 days) slightly increased the yields but the product ratio changed to ca. 1:5. (see Table 1)) I 

Scheme2 
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2a R = N -acetyI-N - propylamino 
2b R = N -benzoyI-N -bencylamino 

3a R = N -acetyl-N -propylamino 
3b R = N -benzoyI-N -bencylamino 

In order to explore the reaction pathway, the named reactions were carried out under different experimental conditions 

(see Table 1). By increasing the reaction temperature to 160°C (3 h) the product ratio was 1:6 and at 24 h the 

respective 4-substituted-N-tosyl-dihydrocarbazoles 3a and 3b were not detected, obtaining the highest N-tosyl- 

carbazole yield (ca. 85%). At 200°C, presumably because of appreciable diene decomposition, N-tosyl-carbazole 4 

was obtained only in 52% (heating at this temperature during 72 h caused the detosylation of the obtained N-tosyl- 

carbazole)) 2 

Dienophile Diene Temperature 
1 2a 900C 

2b 

"based on starting indole 

Table 1 

Time 

4d  

Product 

3 a ; 4  
3 a ; 4  

Product ratio, yield a 

3:1, 65% 

90°C 1 d 4:1, 20% 

90°C 7 d 3a ; 4 1:5, 66% 

160°C 24 h 4 85% 

3h  3 a ; 4  
4 

160°C 1:7, 77% 

200°C 24 h 55% 

200°C 72 h 4 + earbazole ca. 52% 

90°C 4 d 3 b ; 4  5:2,76% 

90°C ld 

90°C 7 d 

3 b ; 4  
3 b ; 4  

4 l d  160°C 

3:1, 25% 

1:4, 68% 
80% 

The results of this type of D-A reactions involving the N-tosyl-3-nitroindole indicate a possible sequential pathway 

where the ease of thermal extrusion of nitrous acid accompanying the D-A reaction would lead to the 4-substituted-N- 
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tosyl-dihydrocarbazole adduct, which would undergo thermal aromatization by losing the N-acyl-N-alkylamino 

substituent. This specific diene-dienophile combination reveals good yields, extraordinary regioselectivity, with 

regiocontrol being completely dominated by the acylamino substituent in the diene and the powerful electron 

withdrawing nitro group in the dienophile. 13 

In conclusion, we report here the utility of this special Diels-Alder reaction involving a heteroaromatic dienophile for 

the construction of the C ring of the above named alkaloid skeleton by [4+2]n cycloaddition. Moreover the use of l- 

(N-acyI-N-alkylamino)-1,3-butadienes permits the attainment of the appropriate functionality for continuing the 

synthesis of the cited alkaloid. Complementary, the employment of appropriate 2- and/or 3-substituted l-(N-acyI-N- 

alkylamino)-1,3-butadienes points the way to a new route of synthesis of substituted carbazoles. 
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